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1

TECHNIQUE FOR CONFIGURING A PHASE
TRACKING REFERENCE SIGNAL

RELATED APPLICATIONS

The present application 1s a continuation of international
patent application serial no. PCT/EP2018/081400, filed 15
Nov. 2018, which claims the benefit of U.S. provisional
application Ser. No. 62/587,967, filed 17 Nov. 2017. The
entire contents ol each of the foregoing applications 1is
incorporated herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to a techmque for
configuring a Phase Tracking Reference Signal (PT-RS).
More specifically, methods and devices are provided for
transmitting and receiving a configuration message for a
PT-RS, as well as a radio signal structure representative of
such a configuration message.

BACKGROUND

The physical signal structure for the next generation of
radio access technology 1s specified by the 3rd Generation
Partnership Project (3GPP) as New Radio (NR). NR has a
lean design that mimimizes always-on transmissions to
enhance network energy efliciency and ensure forward com-
patibility. In contrast to existing 3GPP Long Term Evolution
(LTE), reference signals in NR are transmitted only when
necessary. Four main reference signals include a demodu-
lation reference signal (DM-RS), a phase-tracking reference
signal (PT-RS), a sounding reference signal (SRS) and
channel-state information reference signal (CSI-RS).

The PT-RS 1s introduced 1n NR to enable compensation of
oscillator phase noise. Typically, phase noise increases as a
function of an oscillator carrier frequency. Therefore, the
PT-RS can be utilized at high carrier frequencies such as
mm-waves to mitigate phase noise. One of the main degra-
dations caused by phase noise in an Orthogonal Frequency-
Division Multiplexing (OFDM) signal 1s an 1dentical phase
rotation of all the subcarriers, known as common phase error
(CPE). The PT-RS has a low density in the frequency
domain and high density in the time domain, since the phase
rotation produced by CPE 1is identical for all subcarriers
within an OFDM symbol, but there 1s low correlation of
phase noise across OFDM symbols. The PT-RS 1s specific
for the user equipment (UE) and confined 1 a scheduled
resource. The number of DM-RS ports used for transmitting,
the PT-RS can be lower than the total number of DM-RS
ports.

The exact PT-RS subcarrier may be implicitly defined,
¢.g., as a function of one or more of the following param-
cters: DM-RS port index, DM-RS scrambling ID (SCID)
and Cell ID. Furthermore, an explicit (e.g., radio resource
control, RRC) signaling of a conventional parameter
“PTRS-RE-offset” could override the afore-mentioned
implicit association rule, which 1s important, e.g., 1n order to
be able to force an avoidance of a collision of PT-RS with
a direct current (DC) subcarrier for which performance 1s
bad. Hence, a straightforward or existing solution would
signal an explicit offset or position “PTRS-RE-offset”,
which can take any value from O to 11. In other word, the
PT-RS can be mapped to any subcarrier in the PRB using
this existing explicit signaling.

In the existing signaling, the signaled parameter “PTRS-
RE-oflset” can be set to any value from 0 to 11. It 1s then a
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2

problem that the signaled “PTRS-RE-ofiset” using RRC
signaling implies a gNB scheduling restriction, since the

DM-RS used for PDSCH or PUSCH transmission must use
the subcarrier indicated by “PTRS-RE-offset”, which 1s
undesirable.

For example, i1 “PTRS-RE-oflset=0", if DM-RS configu-
ration type 1 1s configured, the DM-RS subcarrier comb, 1.¢.,
the subset {1,3,5,7,9,11} of subcarriers allocated to the
DM-RS, cannot be used when scheduling the UE, since the
PT-RS must be mapped to a subcarrier used by the DM-RS,
1.e., within said subset.

Another problem 1s the high overhead 1n the existing
signaling. If “PTRS-RE-oilset” can be set to a value from 0
to 11, 4 bits are required per “PTRS-RE-offset” indication.
Moreover, as PT-RS ports for downlink (DL) and uplink
(UL) may be associated with diflerent DM-RS ports, inde-
pendent indication of “PTRS-RE-oflset” for UL and DL 1s
needed, thus increasing the overhead. Similarly, the existing
signaling has to independently indicate the parameter
“PTRS-RE-offset” for each PT-RS port in SU-MIMO, thus
further increasing the signaling overhead.

SUMMARY

Accordingly, there 1s a need for a technique that allows
configuring a PT-RS more efliciently and/or more flexibly.
More specifically, there 1s a need for a technique that reduces
a signaling overhead caused by the configuration. Alterna-
tively or in addition, there 1s a need for a technique that
avoids scheduling restrictions.

As to one aspect, a method of transmitting a configuration
message for a phase tracking reference signal (PT-RS) on a
radio channel between a radio access node and a radio
device 1s provided. The radio channel comprises a plurality
of subcarriers 1n a physical resource block (PRB). A subset
of the subcarriers 1n the PRB is allocated to a demodulation
reference signal (DM-RS). The method comprises or trig-
gers a step of transmitting the configuration message to the
radio device. The configuration message comprises a bit
field that 1s indicative of at least one subcarrier allocated to
the PI-RS among the subset of subcarriers allocated to the
DM-RS.

The one subcarrier allocated to the PI-RS may also be
referred to as the PI-RS subcarrier of the PT-RS. The
subcarriers allocated to the DM-RS may also be referred to
as the DM-RS subcarriers. The subset of subcarriers allo-
cated to the DM-RS (1.e., the subset comprising the DM-RS
subcarriers) may also be referred to as DM-RS subset. The
DM-RS subset may be a proper subset of the plurality of
subcarriers 1 the PRB. In other words, the subset may
include less subcarriers than a PRB.

By means of the bit field, the configuration message may
signal a relative offset, e.g., relative to the pertinent subset
of subcarriers allocated for the DM-RS. The parameter or
function represented by the bit field may be referred to as
subcarrier-oiiset or resource element oflset (RE-oilset) for
the PT-RS, or briefly: “PTRS-RE-ofiset”. The method may
be implemented as a RE oflset signaling for PT-RS.

The actual subcarrier used for PT-RS may depend on both
the parameter “PTRS-RE-offset” and the subset of subcar-
riers allocated for the DM-RS. For example, 11 a DM-RS
port 1s i1dentified by a DM-RS port number, the actual
subcarrier used for PT-RS may depend on both the param-
cter “PTRS-RE-oflset” and the DM-RS port number.

Furthermore, a plurality of different DM-RSs may be
transmitted on corresponding DM-RS ports. The DM-RS
port number p may be among a set of DM-RS ports used for
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the radio channel, e.g., for performing a channel estimate of
the radio channel and/or demodulating the radio channel as
a data channel at a recerving side of the radio channel.

In order to avoid scheduling restriction and reduce the
signaling overhead, the value of the bit field, 1.e., the
parameter “PTRS-RE-offset”, represents a relative subcar-
rier index 1n the subset of subcarriers assigned for the
DM-RS port 1n the particular transmaission.

By transmitting the parameter “PTRS-RE-offset” as the
configuration parameter in the bit field of the configuration
message, scheduling restrictions may be avoided at least in
some embodiments, because the group of possible PT-RS
subcarriers 1s restricted to the subset of subcarriers used by,
allocated to or scheduled for the DM-RS port associated

with the PT-RS port.

Same embodiments (e.g., the embodiments 1n the afore-
mentioned paragraph) or further embodiments may requires

.

significantly less signaling overhead than the existing offset

[ 1

signaling, because a common indication of “PTRS-RE-
offset” can be used for DL and UL. Alternatively or in
addition, a common indication can be used for different
PT-RS ports 1n SU-MIMO.

The bit field may comprise n bits that are indicative of the
at least one subcarrier allocated to the PT-RS among the
subset of subcarriers allocated to the DM-RS. A number of

the plurality of subcarriers in the PRB may be greater than
2",

The subset of subcarriers allocated to the DM-RS may be
dynamically signaled.

The bit field may comprise 2 or 3 bits that are indicative
of the at least one subcarrier allocated to the PT-RS among
the subset of subcarriers allocated to the DM-RS. The

number of the plurality of subcarriers in the PRB may be 12.

The bit field may be sized for representing any one of the
subcarriers in the subset of subcarriers allocated to the
DM-RS as the subcarrier allocated to the PT-RS.

The bit field may comprise n bits. A number of the
subcarriers 1n the subset of subcarriers allocated to the
DM-RS may be equal to or less than 2”.

Each subcarrier in the subset of subcarriers allocated to

the DM-RS may be umiquely 1dentified by an index. The bit
field may be indicative of the index corresponding to the
subcarrier allocated to the PT-RS.

The radio channel may be accessed through one or more
DM-RS ports. Each transmission of the DM-RS may be
associated with one of the one or more DM-RS ports.

Each of the one or more DM-RS ports may be uniquely
identified by a DM-RS port index. Each transmission of the
DM-RS (briefly: DM-RS transmission) may be defined with,
or associated with, a DM-RS port index.

The one or more DM-RS ports may be located at (or may
define) a transmitting side of the radio channel. The one or
more DM-RS ports may be used by (e.g., located at) the
radio access node for a downlink transmission. Alternatively
or 1n addition, the one or more DM-RS ports may be used
by (e.g., located at) the radio device for an uplink transmis-
S1011.

Alternatively or 1n addition, the one or more DM-RS ports
may be located at (or may define) a receiving side of the
radio channel. For example, the transmitting side may
iitially define the DM-RS ports by transmitting a DM-RS,
and the receiving side may define combiming weights for a
beamforming reception based on the recerved DM-RS. The
one or more DM-RS ports may be used by (e.g., located at)
the radio access node for an uplink reception. Alternatively
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or 1n addition, the one or more DM-RS ports may be used
by (e.g., located at) the radio device for an downlink
transmission.

The transmission over the radio channel may comprise
one or more layers (also referred to as spatial streams). The
number of layers may be equal to the number of DM-RS
ports used for the transmission over the radio channel. The
radio channel may be a multiple-input multiple-output
(MIMO) channel being accessed through the DM-RS ports
at the transmitting side (i.e., the mput of the MIMO chan-
nel), optionally mapped to a plurality of transmitter anten-
nas, and being received through a plurality of receiver-ports
formed by antennas at a recerver side (1.e., the output of the
MIMO channel).

The multiple transmitted layers may be separated in the
spatial and/or polarization domain by a transmit precoder
and separated in the receiver by performing a channel
estimation and, optionally, suppression of interfering layers
for the radio channel based on the DM-RS and/or the PT-RS
received at the receiving side. For example, the transmission
may be a multi-layer single user MIMO (SU-MIMO) trans-
mission, wheremn two or more layers may be accessed
through two or more DM-RS ports.

The DM-RS may be used for at least one of precoding at
the transmitting side and demodulating the radio channel at
the receiving side.

The subset of subcarriers allocated to the DM-RS may
depend on the corresponding DM-RS port. For each of the
DM-RS ports, a subset of subcarriers in the PRB may be
allocated to the DM-RS transmitted (or to be transmitted)
through the corresponding DM-RS port. That 1s, a subset of
subcarriers allocated to the DM-RS 1s associated with each
DM-RS port. At least some of the subsets of subcarriers used
for transmitting the DM-RSs through different DM-RS ports
may be different. For example, the different subsets may be
mutually disjoint.

The PRB may comprise 12 subcarriers given by an imndex
k&0, . .., 11}. The subset of subcarriers allocated to the

DM-RS being transmitted through the DM-RS port p may be
given by

{2-R—m+Sk+A(P)E{0, . . . 11}KE{0,1},0sm<6/
R},

wherein R=1, 2 or 3; S=1 or 2; and an offset A(p) depends

on the DM-RS port p.

For a DM-RS configuration type 1, the parameters may be
R=2, S=2 and A(p)&{0, 1}. For a DM-RS configuration type
2, the parameters may be R=3, S=1 and A(p)&{0, 2, 4}. In
the above expression for the sets, the upper limit “11” may
be replaced by N_*”-1 and upper limit 6/R may be replaced
by N_*?/(2R).

The DM-RS may be derived from a sequence r(2-m+k'+
n,), wherein n,=N,,,»~**,N_ *?/R, N, """, is the start of
the carrier bandwidth part in units of PRBs and N_*%=12 is
the number of subcarriers per PRB.

A different DM-RS may be transmitted through each of
the DM-RS ports. Since different DM-RSs (e.g., orthogonal
signals) are transmitted on different DM-RS ports, any
dependency on the “DM-RS” may equally be expressed as
a dependency on the corresponding “DM-RS port™.

The DM-RSs transmitted through different DM-RS ports
may be differentiated by at least one of an orthogonal cover
code 1n the frequency domain, an orthogonal cover code 1n
the time domain and the subset of subcarriers allocated to the

DM-RS.
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For example, each of the DM-RSs transmitted through
different DM-RS ports may either use disjoint subsets of
subcarriers or be orthogonally coded in the frequency
domain.

One of the DM-RS ports may be associated with the
PT-RS. The PT-RS may be transmitted through the DM-RS

port associated with the PT-RS. The PT-RS may be trans-
mitted on the subcarrier that 1s allocated to the PT-RS

according to the bit field among the subset of subcarriers
allocated to the DM-RS transmitted though the one DM-RS
port.
The PT-RS and the DM-RS may be transmitted simulta-
neously or separately (e.g., in OFDM symbols or diflerent
PRBs, 1.e., different slots or transmission time intervals,
TTIs). Furthermore, the transmission of the PT-RS and the
transmission of the DM-RS may overlap. A transmission
duration of the PT-RS may be longer (e.g., multiple times
longer) than a transmission duration of the DM-RS. For

example, the PT-RS may be transmitted during one PRB
comprising 14 OFDM symbols. The DM-RS may be trans-

mitted during one or two OFDM symbols.

The subcarrier allocated to the PT-RS may be derived or
derivable from the bit field for at least one of an uplink
transmission of the PT-RS and a downlink transmission of
the PT-RS.

The radio access node may be configured to access the
radio channel through the DM-RS ports for a downlink
transmission to the radio device. The method may further
comprise or trigger a step of transmitting the PT-RS through
at least one of the DM-RS ports on the subcarrier that is
allocated to the PT-RS according to the bit field among the
subset of subcarriers allocated to the DM-RS for the corre-
sponding DM-RS port.

Alternatively or in addition, the radio device may be
configured to access the radio channel through the DM-RS
ports for an uplink transmission to the radio access node.
The method may further comprise or trigger a step of
receiving the PT-RS transmitted through at least one of the
DM-RS ports on the subcarrier that 1s allocated to the PT-RS
according to the bit field among the subset of subcarriers
allocated to the DM-RS for the corresponding DM-RS port.

A DM-RS port through which the PT-RS 1s transmitted
may also be referred to as PT-RS port. The expression
“PT-RS” may collectively refer to the different PT-RSs
transmitted on different DM-RS ports (port-specific PT-RS).
Alternatively or 1n addition, the expression “PT-RS” may
refer to the port-specific PT-RS, e.g., 1n the context of a
certain PT-RS port.

The radio access node may provide radio access to at least
one radio device on the radio channel. For each radio device,
the PT-RS may be transmitted through each of one or two
DM-RS ports.

The radio channel may comprise a single-user multiple-
input multiple-output (SU-MIMO) channel that 1s accessed
through two or more DM-RS ports. The PI-RS may be
transmitted or recerved on each of at least two of the two or
more DM-RS ports. The radio channel may comprise two or
more layers and/or two or more DM-RS ports. The PT-RS
may be transmitted or received for each of the two or more
layers or through each of the two or more DM-RS ports.

The radio channel may comprise a multi-user multiple-
input multiple-output (IMU-MIMO) channel. Diflerent DM-
RS groups of the DM-RS ports may provide access to
different radio devices.

The PI-RS may be transmitted or
received through at least one DM-RS port 1n each DM-RS

group.
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The MU-MIMO channel may comprise, for each of the
multiple radio devices, at least one layer or at least one
DM-RS port. For each of the multiple radio devices, the
PT-RS may be transmitted or received on at least one layer
or through at least one DM-RS port.

The subcarrier allocated to the PT-RS may be uniquely
determined among the subset of subcarriers allocated to the
DM-RS based on a combination of the bit field i the
configuration message and the DM-RS port through which
the PT-RS 1s transmitted or received.

The same value of the bit field may be indicative of
different subcarriers allocated to the P1-RS transmitted or
received through different DM-RS ports.

The bit field may be indicative of two candidate subcar-
riers for the PT-RS among the subset of subcarriers allocated
to the DM-RS. The subcarrier allocated to the PT-RS may be
determined among the two candidate subcarriers based on
the DM-RS port through which the PT-RS 1s transmitted or
received.

The subcarrier allocated to the PT-RS transmitted or
received through the DM-RS port p may be given by
2-R'm+S-k'+A(p). The bit field may be indicative of m. The
value for k' may be determined by the DM-RS port p to be
p mod 2.

The PT-RS may be transmitted or received through each
of at least two different DM-RS ports. Alternatively or 1n
combination, The PT-RS may be transmitted or received 1n
cach of an uplink transmission and a downlink transmission.

The DM-RS transmitted through the DM-RS port p may
be subjected to an orthogonal cover code, OCC, 1n the
time-domain, TD-OCC. Alternatively or in addition, the
DM-RS transmitted through the DM-RS port p may be
subjected to an OCC 1n the frequency domain, FD-OCC.
The subcarrier allocated to the PT-RS may be determined
among the subset of subcarriers allocated to the DM-RS
based on a combination of the bit field, a DM-RS port
dependency of the TD-OCC and a DM-RS port dependency
of the FD-OCC. The combination may include the summa-
tion.

For example, the DM-RS port dependency of the TD-
OCC may comprise

TD_offset,=(p-1000 div 2)div R, or

TD_oftset,=tloor({(p—1000)/(2-K))

for the DM-RS port p. Alternatively or in combination,
the DM-RS port dependency of the FD-OCC may comprise

FD_oftset,=p mod 2

for the DM-RS port p.

Herein, R may be equal to 2 for the DM-RS configuration
type 1 or equal to 3 for the DM-RS configuration type 2.

The TD-OCC may comprise a factor (e.g., a sign) accord-
ing to

wi(l')=[1-2-(T'D_oftset )]/"

Alternatively or 1n addition, the FD-OCC may comprises
a factor (e.g., a sign) according to

WK =[1-2-(FD_oftset ) ]&"

The configuration message may comprise, for each DM-
RS port through which the PT-RS 1s transmitted or received,
an 1nstance of the bat field that 1s indicative of the subcarrier
allocated to the PT-RS among the subset of subcarriers
allocated to the DM-RS transmitted through the correspond-
ing DM-RS port.

The PT-RS may be transmitted or received through one of
the DM-RS ports. The one DM-RS port may be determined
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according to a predefined rule. For example, the DM-RS
ports may be grouped 1n two or more disjoint DM-RS groups
and the PT-RS may be transmitted or received through one
of the DM-RS ports 1n each of the DM-RS groups. The one
DM-RS port may be determined according to the predefined

rule applied to each of the DM-RS groups.

The one DM-RS port through which the PT-RS 1s trans-
mitted or received may be unspecified in the configuration
message. Each of the radio access node and the radio device
may determine the one DM-RS port through which the
PT-RS 1s transmitted or recerved by applying the predefined
rule independently.

Each of the DM-RS ports may be uniquely identified by
a port index. The one of the DM-RS ports that 1s determined
according to the predefined rule may be the DM-RS port
with the lowest port index.

The PT-RS may comprise a tone on the subcarrier allo-
cated to the PT-RS. The tone may correspond to a tone of the
DM-RS transmitted through the corresponding DM-RS port
on the same subcarrier. Herein, a tone may comprise a
complex (e.g., Fourier) coeflicient carried by one subcarrier
or one resource elements (e.g., for the duration of one
OFDM symbol). Each OFDM symbol may comprise a
plurality of tones, each transmitted simultaneously on
respective subcarriers. The tone may correspond to a har-
monic Fourier component in the time-domain for the dura-
tion of the symbol length. Alternatively or 1 addition, the
tone may refer to the modulation on one RE.

The PT-RS may be transmitted or received in multiple
PRBs. The same subcarrier relative to the corresponding
PRB may be allocated to the PT-RS 1n each of the PRBs.
Furthermore, the same the subset of subcarriers may be
allocated to the DM-RS in each of the PRBs.

A waveform of the transmission may include orthogonal
frequency-division multiplexing (OFDM), particularly
cyclic prefix (CP) OFDM (CP-OFDM). The tone may be an
OFDM tone. The transmission may include a plurality of
OFDM symbols per PRB, e.g., one slot in the time domain.
Each OFDM symbol may comprise one OFDM tone per
subcarrier.

Each DM-RS port may be mapped to a plurality of
antenna ports according to a precoder. Different DM-RS
ports may be mapped according to different precoders.

Some or each of the DM-RS ports may be beamformed
according to the precoder. For example, for single-layer (1x)
beamforming on the radio channel, one DM-RS port may be
used for accessing the radio channel. Alternatively, the
DM-RS ports may be mapped to the antenna ports (e.g., 1n
a one-to-one correspondence or a one-to-many correspon-
dence).

The number of the subcarriers in the subset of subcarriers
allocated to the DM-RS according to a DM-RS configura-
tion type 1 may be twice the number of the subcarriers 1n the
subset of subcarriers allocated to the DM-RS according to a
DM-RS configuration type 2. The same size for the bit field
may be used for each of the DM-RS configuration type 1 and
the DM-RS configuration type 2. A most significant bit of
the bit field may be 1gnored or set to zero for determining the
subcarrier allocated to the PT-RS 1n the DM-RS configura-
tion type 2.

The one aspect may be implemented at the RAN and/or by
the radio access node, e.g., of the RAN. Herein, the expres-
s1on radio access node may be used interchangeably with a
base station or a cell of the RAN. The radio access node may
encompass any station that 1s configured to provide radio
access to one or more of the radio devices.
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According to another aspect, a method of receiving a
configuration message for a phase tracking reference signal,
PT-RS, on a radio channel between a radio access node and
a radio device 1s provided. The radio channel comprises a
plurality of subcarriers 1n a physical resource block, PRB. A
subset of the subcarriers 1n the PRB 1s allocated to a
demodulation reference signal, DM-RS. The method com-
prises or triggers a step ol receiving the configuration
message from the radio access node. The configuration
message comprises a bit field that 1s indicative of at least one
subcarrier allocated to the PT-RS among the subset of
subcarriers allocated to the DM-RS.

The one subcarrier allocated to the P1-RS may also be
referred to as the PT-RS subcarrier of the PT-RS. The

subcarriers allocated to the DM-RS may also be referred to

as the DM-RS subcarriers. The subset of subcarriers allo-
cated to the DM-RS (1.e., the subset comprising the DM-RS
subcarriers) may also be referred to as DM-RS subset. The
DM-RS subset may be a proper subset of the plurality of
subcarriers in the PRB. In other words, the subset may
include less subcarriers than a PRB.

By means of the bit field, the configuration message may
signal a relative offset, e.g., relative to the pertinent subset
of subcarriers allocated for the DM-RS. The parameter or
function represented by the bit field may be referred to as
subcarrier-oiiset or resource element oflset (RE-oflset) for
the PT-RS, or briefly: “PTRS-RE-ofiset”. The method may
be implemented as a RE oflset signaling for PT-RS.

The actual subcarrier used for PT-RS may depend on both
the parameter “PTRS-RE-offset” and the subset of subcar-
riers allocated for the DM-RS. For example, 11 a DM-RS
port 1s i1dentified by a DM-RS port number, the actual
subcarrier used for PT-RS may depend on both the param-
cter “PTRS-RE-oflset” and the DM-RS port number.

Furthermore, a plurality of different DM-RSs may be
transmitted on corresponding DM-RS ports. The DM-RS
port number p may be among a set of DM-RS ports used for
the radio channel, e.g., for performing a channel estimate of
the radio channel and/or demodulating the radio channel as
a data channel at a receiving side of the radio channel.

In order to avoid scheduling restriction and reduce the
signaling overhead, the value of the bit field, 1.e., the
parameter “PTRS-RE-oflset”, represents a relative subcar-
riecr mndex 1n the subset of subcarriers assigned for the
DM-RS port in the particular transmission.

By transmitting the parameter “PTRS-RE-offset” as the
configuration parameter in the bit field of the configuration
message, scheduling restrictions may be avoided at least in
some embodiments, because the group of possible PT-RS
subcarriers 1s restricted to the subset of subcarriers used by,
allocated to or scheduled for the DM-RS port associated
with the PT-RS port.

Same embodiments (e.g., the embodiments 1n the afore-
mentioned paragraph) or further embodiments may requires
significantly less signaling overhead than the existing offset
signaling, because a common indication of “PTRS-RE-
offset” can be used for DL and UL. Alternatively or in
addition, a common indication can be used for different
PT-RS ports in SU-MIMO.

The bit field may comprise n bits that are indicative of the
at least one subcarrier allocated to the PT-RS among the
subset of subcarriers allocated to the DM-RS. A number of
the plurality of subcarriers in the PRB may be greater than
2",

The subset of subcarriers allocated to the DM-RS may be
dynamically signaled.
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The bit field may comprise 2 or 3 bits that are indicative
of the at least one subcarrier allocated to the PT-RS among
the subset of subcarriers allocated to the DM-RS. The
number of the plurality of subcarriers in the PRB may be 12.

The bit field may be sized for representing any one of the
subcarriers 1n the subset of subcarniers allocated to the
DM-RS as the subcarrier allocated to the PT-RS.

The bit field may comprise n bits. A number of the
subcarriers in the subset of subcarriers allocated to the
DM-RS may be equal to or less than 2”.

Each subcarrier 1n the subset of subcarriers allocated to
the DM-RS may be uniquely 1dentified by an index. The bit
field may be indicative of the index corresponding to the
subcarrier allocated to the PT-RS.

The radio channel may be accessed through one or more
DM-RS ports. A DM-RS may be transmitted or received
through each DM-RS port. The subset of subcarriers allo-
cated to the DM-RS may depend on the corresponding
DM-RS port.

The subcarrier allocated to the PT-RS may be derived
from the bit field for at least one of an uplink transmission
of the PT-RS and a downlink transmission of the PT-RS.

Each of the one or more DM-RS ports may be uniquely
identified by a DM-RS port index. Each transmission of the
DM-RS (briefly: DM-RS transmission) may be defined with,
or associated with, a DM-RS port index.

The one or more DM-RS ports may be located at (or may
define) a transmitting side of the radio channel. The one or
more DM-RS ports may be used by (e.g., located at) the
radio access node for a downlink transmission. Alternatively
or 1in addition, the one or more DM-RS ports may be used
by (e.g., located at) the radio device for an uplink transmis-
S1011.

Alternatively or 1n addition, the one or more DM-RS ports
may be located at (or may define) a receiving side of the
radio channel. For example, the transmitting side may
iitially define the DM-RS ports by transmitting a DM-RS,
and the receiving side may define combiming weights for a
beamforming reception based on the recerved DM-RS. The
one or more DM-RS ports may be used by (e.g., located at)
the radio access node for an uplink reception. Alternatively
or 1n addition, the one or more DM-RS ports may be used
by (e.g., located at) the radio device for an downlink
transmission.

The transmission over the radio channel may comprise
one or more layers (also referred to as spatial streams). The
number of layers may be equal to the number of DM-RS
ports used for the transmission over the radio channel. The
radio channel may be a multiple-input multiple-output
(MIMO) channel being accessed through the DM-RS ports
at the transmitting side (i.e., the input of the MIMO chan-
nel), optionally mapped to a plurality of transmitter anten-
nas, and being recerved through a plurality of receiver-ports
formed by antennas at a recerver side (i.e., the output of the
MIMO channel).

The multiple transmitted layers may be separated in the
spatial and/or polarization domain by a transmit precoder
and separated in the receiver by performing a channel
estimation and, optionally, suppression of interfering layers
for the radio channel based on the DM-RS and/or the PT-RS
received at the receiving side. For example, the transmission
may be a multi-layer single user MIMO (SU-MIMO) trans-
mission, wherein two or more layers may be accessed
through two or more DM-RS ports.

The DM-RS may be used for at least one of precoding at
the transmitting side and demodulating the radio channel at
the recerving side.
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The subset of subcarriers allocated to the DM-RS may
depend on the corresponding DM-RS port. For each of the
DM-RS ports, a subset of subcarriers in the PRB may be
allocated to the DM-RS transmitted (or to be transmitted)
through the corresponding DM-RS port. That 1s, a subset of
subcarriers allocated to the DM-RS 1s associated with each
DM-RS port. At least some of the subsets of subcarriers used
for transmitting the DM-RSs through different DM-RS ports
may be diflerent. For example, the different subsets may be
mutually disjoint.

The PRB may comprise 12 subcarriers given by an imndex
k&40, . .., 11}. The subset of subcarriers allocated to the
DM-RS being transmitted through the DM-RS port p may be
given by

{2-R-m+SE+A(p)E{0, . . . 11}k'E{0,1},0em<6/R},

Iset A(p) depends

wherein R=1,2 or3;S=1or2;and an o
on the DM-RS port p.

For a DM-RS configuration type 1, the parameters may be
R=2, S=2 and A(p)&{0, 1}. For a DM-RS configuration type
2, the parameters may be R=3, S=1 and A(p)&{0, 2, 4}. In
the above expression for the sets, the upper limit “11” may
be replaced by N_*”~1 and upper limit 6/R may be replaced
by N_*?/(2R).

The DM-RS may be derived from a sequence r(2-m+k'+
n,), wherein n,=N ;.. " N_ /R, N ,....”**", is the start of
the carrier bandwidth part in units of PRBs and N_ =12 is
the number of subcarriers per PRB.

A different DM-RS may be transmitted through each of
the DM-RS ports. Since different DM-RSs (e.g., orthogonal
signals) are transmitted on different DM-RS ports, any
dependency on the “DM-RS” may equally be expressed as
a dependency on the corresponding “DM-RS port™.

The DM-RSs transmitted through different DM-RS ports
may be differentiated by at least one of an orthogonal cover
code 1n the frequency domain, an orthogonal cover code 1n
the time domain and the subset of subcarriers allocated to the
DM-RS.

For example, each of the DM-RSs transmitted through
different DM-RS ports may either use disjoint subsets of
subcarriers or be orthogonally coded in the frequency
domain.

One of the DM-RS ports may be associated with the
PT-RS. The PT-RS may be transmitted or received through
the DM-RS port associated with the PT-RS. The PT-RS may
be transmitted or received on the subcarrier that 1s allocated
to the PT-RS according to the bit field among the subset of
subcarriers allocated to the DM-RS transmitted though the
one DM-RS port.

The PT-RS and the DM-RS may be transmitted simulta-
neously or separately (e.g., in OFDM symbols or different
PRBs, 1.e., different slots or transmission time intervals,
TTIs). Furthermore,, the transmission of the P1-RS and the
transmission of the DM-RS may overlap. A transmission
duration of the PT-RS may be longer (e.g., multiple times
longer) than a transmission duration of the DM-RS. For
example, the PT-RS may be transmitted or received during
one PRB comprising 14 OFDM symbols. The DM-RS may
be transmitted during one or two OFDM symbols.

The subcarrier allocated to the PT-RS may be derived or
derivable from the bat field for at least one of an uplink
transmission of the PT-RS and a downlink transmission of
the PT-RS.

The radio access node may be configured to access the
radio channel through the DM-RS ports for a downlink
transmission to the radio device. The method may further
comprise or trigger a step of recerving the PT-RS transmuitted
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or recerved through at least one of the DM-RS ports on the
subcarrier that 1s allocated to the PT-RS according to the bat
ficld among the subset of subcarriers allocated to the DM-
RS for the corresponding DM-RS port.

Alternatively or in addition, the radio device may be
configured to access the radio channel through the DM-RS
ports for an uplink transmission to the radio access node.
The method may further comprise or trigger a step of
transmitting or receiving the PT-RS through at least one of
the DM-RS ports on the subcarrier that i1s allocated to the
PT-RS according to the bit field among the subset of
subcarriers allocated to the DM-RS for the corresponding
DM-RS port.

A DM-RS port through which the PT-RS 1s transmitted or
received may also be referred to as PT-RS port. The expres-
sion “PT-RS” may collectively refer to the different PT-RSs
transmitted or received on different DM-RS ports (port-
specific PT-RS). Alternatively or 1in addition, the expression
“PT-RS” may refer to the port-specific PT-RS, e.g., in the
context of a certain PT-RS port.

The radio access node may provide radio access to at least
one radio device on the radio channel. For each radio device,
the PI-RS may be transmitted or received through each of
one or two DM-RS ports.

The radio channel may comprise a single-user multiple-
input multiple-output (SU-MIMO) channel that 1s accessed
through two or more DM-RS ports. The PI-RS may be
transmitted or recerved on each of at least two of the two or
more DM-RS ports. The radio channel may comprise two or
more layers and/or two or more DM-RS ports. The PT-RS
may be transmitted or received for each of the two or more
layers or through each of the two or more DM-RS ports.

The radio channel may comprise a multi-user multiple-
input multiple-output (IMU-MIMO) channel. Diflerent DM-
RS groups of the DM-RS ports may provide access to
different radio devices.

The PI-RS may be transmitted or
received through at least one DM-RS port 1n each DM-RS
group.

The MU-MIMO channel may comprise, for each of the
multiple radio devices, at least one layer or at least one
DM-RS port. For each of the multiple radio devices, the
PT-RS may be transmitted or received on at least one layer
or through at least one DM-RS port.

The subcarrier allocated to the PT-RS may be uniquely
determined among the subset of subcarriers allocated to the
DM-RS based on a combination of the bit field i the
configuration message and the DM-RS port through which
the PT-RS 1s transmitted or received.

The same value of the bit field may be indicative of
different subcarriers allocated to the PT-RS transmitted or
received through different DM-RS ports.

The bit field may be indicative of two or more candidate
subcarriers for the PT-RS among the subset of subcarriers
allocated to the DM-RS. The subcarrier allocated to the
PT-RS may be determined among the candidate subcarriers
based on the DM-RS port through which the PT-RS 1s
transmitted or received, e.g., as a function of the DM-RS
port index p or based on the DM-RS port through which the
PT-RS 1s transmitted or received.

The subcarrier allocated to the PT-RS transmitted or
received through the DM-RS port p may be given by
2-R'm+S-k'+A(p). The bit field may be indicative of m. The
value for k' may be determined by the DM-RS port p to be
p mod 2.

The PT-RS may be transmitted or received through each
of at least two different DM-RS ports. Alternatively or 1n
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combination, The PT-RS may be transmitted 1n each of an
uplink transmission and a downlink transmission.

The DM-RS transmitted through the DM-RS port p may
be subjected to an orthogonal cover code, OCC, in the
time-domain, TD-OCC. Alternatively or in addition, the
DM-RS transmitted through the DM-RS port p may be
subjected to an OCC 1n the frequency domain, FD-OCC.
The subcarrier allocated to the PT-RS may be determined
among the subset of subcarriers allocated to the DM-RS
based on a combination of the bit field, a DM-RS port
dependency of the TD-OCC and a DM-RS port dependency
of the FD-OCC. The combination may include the summa-
tion.

For example, the DM-RS port dependency of the TD-
OCC may comprise

TD_offset,=(p-1000 div 2)div R, or

TD_oftset,=tloor((p—1000)/(2-K))

for the DM-RS port p. Alternatively or in combination,
the DM-RS port dependency of the FD-OCC may comprise

FD_oftset,=p mod 2

for the DM-RS port p.

Herein, R may be equal to 2 for the DM-RS configuration
type 1 or equal to 3 for the DM-RS configuration type 2.

The TD-OCC may comprise a factor (e.g., a sign) accord-
ing to

w(I)=[1-2-(TD_offset,)]"

Alternatively or 1n addition, the FD-OCC may comprises
a factor (e.g., a sign) according to

wk')=[1-2-(FD_offset,)]*"

The configuration message may comprise, for each DM-
RS port through which the PT-RS 1s transmitted or received,
an 1nstance of the bit field that 1s indicative of the subcarrier
allocated to the PT-RS among the subset of subcarriers
allocated to the DM-RS transmitted through the correspond-
ing DM-RS port.

The PT-RS may be transmitted or recerved through one of
the DM-RS ports. The one DM-RS port may be determined
according to a predefined rule. For example, the DM-RS
ports may be grouped in two or more disjoint DM-RS groups
and the PT-RS may be transmitted or received through one
of the DM-RS ports 1n each of the DM-RS groups. The one
DM-RS port may be determined according to the predefined
rule applied to each of the DM-RS groups.

The one DM-RS port through which the PT-RS 1s trans-
mitted or received may be unspecified in the configuration
message. Each of the radio access node and the radio device
may determine the one DM-RS port through which the
PT-RS 1s transmitted or received by applying the predefined
rule independently.

Each of the DM-RS ports may be uniquely identified by
a port index. The one of the DM-RS ports that 1s determined
according to the predefined rule may be the DM-RS port
with the lowest port index.

The PT-RS may comprise a tone on the subcarrier allo-
cated to the PT-RS. The tone may correspond to a tone of the
DM-RS transmitted through the corresponding DM-RS port
on the same subcarrier. Herein, a tone may comprise a
complex (e.g., Fourier) coeflicient carried by one subcarrier
or one resource elements (e.g., for the duration of one
OFDM symbol). Each OFDM symbol may comprise a
plurality of tones, each transmitted simultaneously on
respective subcarriers. The tone may correspond to a har-
monic Fourier component in the time-domain for the dura-
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tion of the symbol length. Alternatively or in addition, the
tone may refer to the modulation on one RE.

The PT-RS may be transmitted or received in multiple
PRBs. The same subcarrier relative to the corresponding
PRB may be allocated to the PT-RS 1n each of the PRBs.

Furthermore, the same the subset of subcarriers may be
allocated to the DM-RS 1n each of the PRBs.

A wavelorm of the transmission may include orthogonal
frequency-division multiplexing (OFDM), particularly
cyclic prefix (CP) OFDM (CP-OFDM). The tone may be an
OFDM tone. The transmission may include a plurality of
OFDM symbols per PRB, ¢.g., one slot 1n the time domain.
Each OFDM symbol may comprise one OFDM tone per
subcarrier.

Each DM-RS port may be mapped to a plurality of
antenna ports according to a precoder. Different DM-RS
ports may be mapped according to different precoders.

Some or each of the DM-RS ports may be beamformed
according to the precoder. For example, for single-layer (1x)
beamforming on the radio channel, one DM-RS port may be
used for accessing the radio channel. Alternatively, the
DM-RS ports may be mapped to the antenna ports (e.g., 1n
a one-to-one correspondence or a one-to-many correspon-
dence).

The number of the subcarriers in the subset of subcarriers
allocated to the DM-RS according to a DM-RS configura-
tion type 1 may be twice the number of the subcarriers 1n the
subset of subcarriers allocated to the DM-RS according to a
DM-RS configuration type 2. The same size for the bit field
may be used for each of the DM-RS configuration type 1 and
the DM-RS configuration type 2. A most significant bit of
the bit field may be 1gnored or set to zero for determining the
subcarrier allocated to the PT-RS 1n the DM-RS configura-
tion type 2.

The other method aspect may further comprise any fea-
ture or step disclosed 1n the context of any one method
aspect. Furthermore, the other method aspect may comprise
a feature or a step corresponding to any one of those of the
one aspect.

The other method aspect may be performed by one or
more radio devices, e.g., in the RAN. The radio device or
cach of the radio devices may be a user equipment (UE).

As to a system aspect, a method of transmitting and
receiving a configuration message for a phase tracking
reference signal (PT-RS) on a radio channel between a radio
access node and a radio device 1s provided. The radio
channel comprises a plurality of subcarriers 1n a physical
resource block (PRB). A subset of the subcarriers in the PRB
1s allocated to a demodulation reference signal (DM-RS).
The method comprises or triggers a step of transmitting the
configuration message to the radio device. The configuration
message comprises a bit field that 1s indicative of at least one
subcarrier allocated to the PT-RS among the subset of
subcarriers allocated to the DM-RS. The method further
comprises or triggers a step of recerving the configuration
message from the radio access node. The configuration
message comprises the bit field that 1s indicative of at least
one subcarrier allocated to the PT-RS among the subset of
subcarriers allocated to the DM-RS.

As to another system aspect, a system for transmitting and
receiving a configuration message for a phase tracking
reference signal (PT-RS) on a radio channel between a radio
access node and a radio device 1s provided. The radio
channel comprises a plurality of subcarriers 1n a physical
resource block (PRB). A subset of the subcarriers in the PRB
1s allocated to a demodulation reference signal (DM-RS).
The system 1s configured to perform or trigger a step of
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transmitting the configuration message to the radio device.
The configuration message comprises a bit field that i1s
indicative of at least one subcarrier allocated to the PT-RS
among the subset of subcarriers allocated to the DM-RS.
The system 1s further configured to perform or trigger a step
of receiving the configuration message from the radio access

node. The configuration message comprises the bit field that
1s indicative of at least one subcarrier allocated to the PT-RS

among the subset of subcarriers allocated to the DM-RS.

The system may be embodied by at least one of a radio
access node and a radio device.

In any aspect, the radio device may be configured for

peer-to-peer communication (e.g., on a sidelink) and/or for
accessing the RAN (e.g. an uplink, UL, and/or a downlink,
DL). The radio device may be a user equipment (UE, e.g.,
a 3GPP UE), a mobile or portable station (STA, e.g. a Wi-Fi
STA), a device for machine-type communication (MTC) or
a combination thereof. Examples for the UE and the mobile
station include a mobile phone and a tablet computer.
Examples for the portable station include a laptop computer
and a television set. Examples for the MTC device include
robots, sensors and/or actuators, e.g., 1n manufacturing,
automotive communication and home automation. The
MTC device may be implemented 1n household appliances
and consumer electronics. Examples for the combination
include a self-driving vehicle, a door intercommunication
system and an automated teller machine.

Examples for the base station may include a 3G base
station or Node B, 4G base station or eNodeB, a 5G base
station or gNodeB, an access point (e.g., a Wi-F1 access
point) and a network controller (e.g., according to Bluetooth,
Zi1gBee or Z-Wave).

The RAN may be implemented according to the Global
System for Mobile Communications (GSM), the Umversal
Mobile Telecommunications System (UMTS), Long Term
Evolution (LTE) and/or New Radio (NR).

The technique may be implemented on a Physical Layer
(PHY), a Medium Access Control (MAC) layer, a Radio
Link Control (RLC) layer and/or a Radio Resource Control
(RRC) layer of a protocol stack for the radio communica-
tion.

As to another aspect, a computer program product is
provided. The computer program product comprises pro-
gram code portions for performing any one of the steps of
the method aspects disclosed herein when the computer
program product 1s executed by one or more computing
devices. The computer program product may be stored on a
computer-readable recording medium. The computer pro-
gram product may also be provided for download via a data
network, e.g., via the RAN and/or via the Internet and/or by
the base station. Alternatively or in addition, the method
may be encoded i a Field-Programmable Gate Array
(FPGA) and/or an Application-Specific Integrated Circuit
(ASIC), or the functionality may be provided for download
by means of a hardware description language.

One device aspect relates to a device configured to
perform the one method aspect. Alternatively or 1n addition,
the device may comprise units or modules configured to
perform any step of the one method aspect. Another device
aspect relates to a device configured to perform the other
method aspect. Alternatively or in addition, the device may
comprise units or modules configured to perform any step of
the other method aspect.

Furthermore, for each of the method aspects, a device
may comprise at least one processor and a memory. Said
memory comprises instructions executable by said at least
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one processor whereby the device 1s operative to perform the
corresponding method aspect.

The device (or any node or station for embodying the
technique) may further include any feature disclosed 1n the
context of the method aspect. Particularly, any one of the
units and modules, or a dedicated unit or module, may be

configured to perform or trigger one or more of the steps of
any one of the method aspect.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details of embodiments of the techmique are
described with reference to the enclosed drawings, wherein:

FIG. 1 shows a schematic block diagram of a device for
transmitting a configuration message for a phase tracking
reference signal;

FIG. 2 shows a schematic block diagram of a device for
receiving a configuration message for a phase tracking
reference signal;

FIG. 3 shows a flowchart for a method of transmitting a
configuration message for a phase tracking reference signal,
which 1s implementable by the device of FIG. 1;

FIG. 4 shows a flowchart for a method of receiving a
configuration message for a phase tracking reference signal,
which 1s implementable by the device of FIG. 2;

FIG. 5 schematically 1llustrates an exemplary deployment
of embodiments of the devices of FIGS. 1 and 2;

FIG. 6 schematically illustrates a first example for an
allocation of resource elements for different demodulation
reference signal ports;

FIG. 7 schematically 1llustrates a second example for an
allocation of resource elements for different demodulation
reference signal ports;

FIG. 8 schematically illustrates an example for a valid
allocation of resource elements for a phase tracking refer-
ence signal;

FIG. 9 schematically illustrates an example for an invalid
allocation of resource elements for a phase tracking refer-
ence signal;

FIG. 10 shows a schematic block diagram of a first
embodiment of the device of FIG. 1;

FIG. 11 shows a schematic block diagram of a second
embodiment of the device of FIG. 1;

FIG. 12 shows a schematic block diagram of a first
embodiment of the device of FIG. 2; and

FIG. 13 shows a schematic block diagram of a second
embodiment of the device of FIG. 2.

FIGS. 14a and 145 show an example of PTRS fixed and
configurable mapping and the available CSI-RS ports.

FIGS. 15a-15b6 show examples of power boosting of type
1 and 2 for a transmission with 1 PTRS port, 3 DMRS ports,
and 3 PDSCH layers.

FIGS. 15¢-154d show examples of power boosting of type
1 and 2 for a transmission with 2 PTRS ports, 3 DMRS
ports, and 3 PDSCH layers.

FIGS. 16a-165 show an example of PTRS collision with
SSB with PTRS time density V4.

FIGS. 17a-17b show an example of encoding when no
rank restriction 1s used (a) and when rank restriction 1s used

(b).

DETAILED DESCRIPTION

In the following description, for purposes of explanation
and not limitation, specific details are set forth, such as a
specific network environment in order to provide a thorough
understanding of the technique disclosed herein. It will be
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apparent to one skilled 1n the art that the technique may be
practiced 1n other embodiments that depart from these
specific details. Moreover, while the following embodiments
are primarily described for a 5G New Radio (NR) imple-
mentation, 1t 1s readily apparent that the technique described
herein may also be implemented in any other radio network,
including 3GPP LTE or a successor thereof, Wireless Local
Area Network (WLAN) according to the standard family
IEEE 802.11, Bluetooth according to the Bluetooth Special
Interest Group (SI1G), particularly Bluetooth Low Energy
and Bluetooth broadcasting, and/or ZigBee based on IEEE
802.15 4.

Moreover, those skilled in the art will appreciate that the
functions, steps, units and modules explained herein may be
implemented using software functioning 1n conjunction with
a programmed microprocessor, an Application Specific Inte-

grated Circuit (ASIC), a Field Programmable Gate Array
(FPGA), a Dagital Signal Processor (DSP) or a general
purpose computer, e.g., including an Advanced RISC
Machine (ARM). It will also be appreciated that, while the
following embodiments are primarily described in context
with methods and devices, the invention may also be embod-
ied 1 a computer program product as well as 1n a system
comprising at least one computer processor and memory
coupled to the at least one processor, wherein the memory 1s
encoded with one or more programs that may perform the
functions and steps or implement the units and modules
disclosed herein.

FIG. 1 schematically illustrates a block diagram of a
device for transmitting a configuration message for a phase
tracking reference signal (PT-RS) on a radio channel
between a radio access node and a radio device. The device
1s generically referred to by reference sign 100. The radio
channel comprises a plurality of subcarriers 1n a physical
resource block (PRB). A subset of the subcarriers in the PRB
1s allocated to a demodulation reference signal (DM-RS).
The device 100 comprises a configuration transmission
module 102 that transmits the configuration message to the
radio device. The configuration message comprises a bit
field that 1s indicative of at least one subcarrier allocated to
the PI-RS among the subset of subcarriers allocated to the
DM-RS.

The device 100 may be connected to and/or part of the
RAN. The device 100 may be embodied by or at the radio
access node (e.g., a base station of the RAN), nodes con-
nected to the RAN {for controlling the base station or a
combination thereof.

Optionally, the device 100 comprises a PT-RS module
104 for at least one of transmitting, receiving and processing
the PT-RS according to the configuration. Alternatively or in
addition, the device 100 comprises a DM-RS module 106 for
at least one of transmitting, receiving and processing the
DM-RS. The PT-RS module 104 may be a function or
submodule of the DM-RS module 106.

Any of the modules of the device 100 may be imple-
mented by units configured to provide the corresponding
functionality.

FIG. 2 schematically illustrates a block diagram of a
device for receiving a configuration message for a phase
tracking reference signal (PT-RS) on a radio channel
between a radio access node and a radio device. The device
1s generically referred to by reference sign 200. The radio
channel comprises a plurality of subcarriers 1n a physical
resource block (PRB). A subset of the subcarriers in the PRB
1s allocated to a demodulation reference signal (DM-RS).
The device 200 comprises a configuration reception module
202 that receives the configuration message from the radio
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access node. The configuration message comprises a bit field
that 1s indicative of at least one subcarrier allocated to the
PT-RS among the subset of subcarriers allocated to the
DM-RS.

The device 200 may be embodied by or at the radio
device.

Optionally, the device 200 comprises a PT-RS module
204 for at least one of transmitting, receiving and processing
the PT-RS according to the configuration. Alternatively or in
addition, the device 200 comprises a DM-RS module 206 for
at least one of transmitting, recerving and processing the
DM-RS. The PT-RS module 204 may be a function or
submodule of the DM-RS module 206.

Any of the modules of the device 200 may be imple-
mented by units configured to provide the corresponding
functionality.

Herein, the radio access node may encompass a network
controller (e.g., a Wi-F1 access point) or a cellular radio
access node (e.g. a 3G Node B, a 4G eNodeB or a 5G
gNodeB). The radio access node may be configured to
provide radio access to the radio device. Alternatively or in
addition, the radio device may include a mobile or portable
station, a user equipment (UE), particularly a device for
machine-type communication (MTC) and a narrowband
Internet of Things (NB-IoT) device. Two or more 1nstances
of the radio device may be configured to wirelessly connect
to each other, e.g., 1n an ad-hoc radio network or via 3GPP
sidelinks.

FIG. 3 shows a tlowchart for a method 300 of transmitting,
a configuration message for a PI-RS on a radio channel
between a radio access node and a radio device. The radio
channel comprises a plurality of subcarriers in a (e.g., each)
PRB. A subset of the subcarriers 1in the PRB 1s allocated to
a DM-RS. In a step 302 of the method 300, the configuration
message 1s transmitted to the radio device. The configuration
message comprises a bit field that 1s indicative of at least one
subcarrier allocated to the PT-RS among the subset of
subcarriers allocated to the DM-RS.

Herein, “a subcarrier allocated to the PT-RS” may encom-
pass a subcarrier that 1s used for transmitting the PI-RS or
1s scheduled for transmitting the PT-RS. Furthermore, “a
subcarrier allocated to the P1-RS” may encompass two or
more candidate subcarriers, one of which 1s eventually
allocated to the PT-RS (e.g., used or scheduled for the
PT-RS). For example, “a subcarrier allocated to the PT-RS”
may encompass a zero-power PT-RS, 1.e., the subcarrier 1s
a PT-RS subcarrier but the radio access node (e.g., a gNB)
1s not transmitting anything on said PT-RS subcarrier. This
PT-RS subcarrier may be used by another radio access node
(e.g., another gNB). Thereby, interference can be avoided on
said subcarrier.

Optionally, 1n a step 304, the PT-RS 1s processed, trans-
mitted and/or recerved on the subcarrier allocated to the
PT-RS according to the bit field.

The allocated subcarrier may further depend on a DM-RS
port through which the PT-RS 1s transmitted. For example,
an mdex of the subcarrier allocated to the PT-RS may be a
function of both the bit field and an index of the DM-RS
port. In one embodiment, which 1s compatible with any
embodiment disclosed herein, the bit field may uniquely
determine the subcarrier allocated to the PI-RS among the
subset of subcarriers allocated to the DM-RS. In another
embodiment, which 1s compatible with any embodiment
disclosed, the bit field alone does not uniquely indicate,
within the subset of subcarriers allocated to the DM-RS, the
subcarrier for the PT-RS. A further dependency on the
DM-RS port used for transmitting the PT-RS may eliminate
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latter ambiguity, so that the combination of port index and
bit field uniquely determine the subcarrier for the PT-RS.

In a step 306, which may be simultancous with the step
304, the DM-RS 1s processed, transmitted and/or received.
Alternatively or in addition, the radio access node may
signal changes for a configuration of the DM-RS at and/or
to the radio device.

The method 300 may be performed by the device 100,
¢.g., at or using the radio access node (e.g., for the RAN).
For example, the modules 102, 104 and 106 may perform the
steps 302, 304 and 306, respectively.

FIG. 4 shows a flowchart for a method 400 of receiving
a configuration message for a PI-RS on a radio channel
between a radio access node and a radio device. The radio

channel comprises a plurality of subcarriers 1n a (e.g., 1n
cach) PRB. A subset of the subcarriers in the PRB 1is

allocated to a DM-RS. In a step 402 of the method 400, the
configuration message 1s recerved from the radio access
node. The configuration message comprises a bit field that 1s
indicative of at least one subcarrier allocated to the PT-RS
among the subset of subcarriers allocated to the DM-RS.

Optionally, 1n a step 404, the PT-RS 1s processed, trans-
mitted and/or received on the subcarrier allocated to the
PT-RS according to the bit field. For example, the subcarrier
allocated to the PT-RS may be determined in the step 404
based on the bit field and, optionally, a DM-RS port on
which the PT-RS 1s transmitted.

The radio device may process, transmit and/or receive the
DM-RS according to the configuration message or another
configuration received from the access node 1n a step 406.

The method 400 may be performed by the device 200,
¢.g., at or using the radio device. For example, the modules
202, 204 and 206 may perform the steps 402, 404 and 406,
respectively.

FIG. § schematically illustrates an exemplary environ-
ment 500, ¢.g., a stand-alone or cellular radio access net-
work (RAN) for implementing the technique. The environ-
ment 500 comprises a plurality of radio channels 502
between embodiments of the devices 100 and 200, respec-
tively. In the environment 500 of FIG. 5, the device 100 1s
embodied by at least one base station or radio access node
510, which provides radio access or controls radio commu-
nications for at least one radio device 512, which embodies
the device 200. It 1s not necessary that all radio devices 512
in radio communication 502 with the radio access node 510
embody the device 200.

In NR, phase tracking reference signal (PT-RS) can be
configured for downlink and uplink transmissions 1n order
for the receiver to correct phase noise related errors. The
PT-RS configuration 1s UE-specific and it 1s agreed that the
PT-RS 1s associated with one of the DM-RS ports used fo
the transmission, meaning that DM-RS and 1ts associated
PT-RS are transmitted using the same precoder and meaning
that the modulated symbol used for the PT-RS 1s taken from
the DM-RS, whatever DM-RS sequence 1s configured. It
means that there 1s no specific configuration of the PT-RS
sequence as 1t borrows from the DM-RS.

The UE shall assume the PDSCH DM-RS being mapped
to physical resources according to type 1 or type 2 as given
by the higher-layer parameter DL-DM-RS-config-type.

The UE shall assume the sequence r(m) 1s mapped to
physical resource elements according to

(p.it

™ = Bomrswe k') - wi(l') - r(2m + k' + no)
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-continued
{ dm+2k" + A Configurationtype 1
k =

om+ k" +A Configuration type 2
K =0,1
={lo, [} +1

under the condition that the resource elements (REs) are

within the resources allocated for PDSCH transmission. The
functions w k'), w,(I') and A depend on the DM-RS port p

according to Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 1n section 7.4
of the document 3GPP TS 38.211 (e.g., version 1.0.0) or
below example tables.

A reference point for the subcarrier label 1s the start of the
carrier bandwidth part mn which the physical downlink
shared channel (PDSCH) 1s transmitted with corresponding
to the lowest-numbered subcarrier 1n the bandwidth part.

The offset n, 1s given by

( Nwh NP /2 for Dm- RS configurationtype 1

Siart

k NBWP,;'N:'?:B /3 tor Dm- RS configurationtype 2

sStart @

wherein N .. 1s the carrier bandwidth part within
which the physical uplink shared channel (PUSCH) 1s
transmitted.

In the time domain (TD), the reference point for 1 and the
position 1, of the first DM-RS symbol depends on the
mapping type. For PDSCH mapping type A, 1 1s define
relative to the start of the slot, and 1,=3 if the higher-layer

parameter DL-DMRS-typeA-pos equals 3 and 1,=2 other-

wise. For PDSCH mapping type B, 11s defined relative to the
start of the scheduled PDSCH resources, and 1,=0.

The one or more positions of additional DM-RS symbols

are given by I and the last OFDM symbol used for PDSCH
in the slot according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 1n
section 7.4 of the document 3GPP TS 38.211 (e.g., version

1.0.0) or below example tables.

The time-domain index 1' and the supported antenna ports
p are given by Table 7.4.1.1.2-5 1n section 7.4 of the
document 3GPP TS 38.211 (e.g., version 1.0.0) or below
example table. A single-symbol DM-RS 1s used, if the
higher-layer parameter DL-DMRS-len 1s equal to 1.
Whether the single-symbol DM-RS or a double-symbol
DM-RS 1s used 1s determined by the associated DCI, 11 the

higher-layer parameter DL-DMRS-len 1s equal to 2.

TABLE 7.4.1.1.2-1

Parameters for PDSCH DM-RS configuration tvpe 1
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TABLE 7.4.1.1.2-2

Parameters for PDSCH DM-RS configuration type 2.

wf(k') w, (")

P A k=0 k'=1 I'=0 I'=1
1000 0 +1 +1 +1 +1
1001 0 +1 -1 +1 +1
1002 2 +1 +1 +1 +1
1003 2 +1 -1 +1 +1
1004 4 +1 +1 +1 +1
1005 4 +1 -1 +1 +1
1006 0 +1 +1 +1 —
1007 0 +1 -1 +1 —
1008 2 +1 +1 +1 —
1009 2 +1 -1 +1 —
1010 4 +1 +1 +1 —
1011 4 +1 -1 +1 —

TABLE 7.4.1.1.2-3

Additional PDSCH DM-RS positions I for single-symbol DM-RS.

Additional DM-RS positions [

Position of PDSCH mapping type A PDSCH mapping type B

last PDSCH DI.-DMRS-add-pos DI-DMRS-add-pos
symbol 0 1 2 3 0 1 2 3

<7 — —

8 — 7 —

9 — 9 6, 9 —

10 — 9 6,9 —

11 — 9 6, 9 5, &, —

12 — 11 7,11 5,8, —

13 — 11 7.11 5.8 —

TABLE 7.4.1.1.2-4

Additional PDSCH DM-RS positions I for double-symbol DM-RS.

Additional DM-RS positions [

Position of PDSCH mapping type A PDSCH mapping type B

last PDSCH DIL-DMRS-add-pos DI.-DMRS-add-pos
symbol 0 1 2 0 1 2

=7 — —

R - -

9 — 8 —
10 — 8 —
11 — 8 —
12 — 10 —
13 — 10 —

TABLE 7.4.1.1.2-5

PDSCH DM-RS time index |I' and antenna ports p.

Single or double Supported antenna ports p

symbol DM-RS [ Configuration type 1  Configuration type 2
single 0 1000-1003 1000-1005
double 0, 1 1000-1007 1000-1011

In FIG. 6 and FIG. 7, the mapping of the diflerent DM-RS
ports for DM-RS configuration types 1 and 2 for single
front-loaded cases 1s shown. In some embodiments the
PT-RS 1s not scheduled when using an orthogonal cover
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code for the DM-RS 1n the time domain, 1.e., TD-OCC {for
the DM-RS. In such embodiments, the PT-RS 1s not trans-
mitted when using DM-RS ports 1004 to 1007 for DM-RS
configuration type 1 and ports 1006 to 1011 for DM-RS
configuration type 2.

Regarding the mapping of PI-RS i the frequency
domain, 3GPP agreed that each PT-RS port 1s scheduled
with at most 1 subcarrier per PRB. Also, 1t was agreed that
the subcarrier used for a PT-RS port must be one of the
subcarriers also used for the DM-RS port associated with the
P1-RS port.

FIG. 8 schematically illustrates an example for a radio
resource allocation 600 in a PRB 602 comprising a grid of
resource clements (RE) 604 1in time 606 (c.g., in units of
OFDM symbols) and frequency 608 (e.g., in units of sub-
carriers). While the allocation 600 schematically illustrated
in FIG. 8 also includes the time domain (TD) 606 1n order
to 1llustrate the different durations and densities of the
PT-RSs as compared to the DM-RSs, the technique may be
implemented by a configuration mechanism that restricts the
allocation 600 in the frequency domain (FD), 1.e., in terms
of subcarriers k.

A duration of the PRB 602 may correspond to one slot
610.

The example allocation 600 of subcarriers to the PT-RS 1s
valid. In other words, the mapping of the PT-RS to REs 604
1s allowed, since the subcarrier allocated to the PT-RS 1s in
the subset of subcarriers allocated to the DM-RS. In con-
trast, the example allocation 600 schematically 1llustrated in
FIG. 9 1s not an allowed PT-RS mapping.

Hence, 1t a comb-based structure 1s used for DM-RS with
repetition factor (RPF) R=2 (as in DM-RS configuration
type 1), the DM-RS 1s mapped to every second subcarrier,
1.e., the subset of subcarriers allocated to the DM-RS encom-
passes only every second subcarrier in the PRB 602. Con-
sequently, the technique ensures that P1-RS 1s mapped only
to one of the six DM-RS subcarriers in the subset out of the
12 subcarriers 1n this exemplary PRB 602.

In NR, a PRB has 12 subcarriers. Hence, the set of
subcarriers of a PRB 602 is 10, 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11}. In the existing solutions, “PTRS-RE-offset” can be set
to any value of the set. However, this solution could lead to
not supported cases, where a PI-RS port 1s not mapped to a
subcarrier of the subset of subcarriers used by the DM-RS
port associated with the PT-RS port. For example, for
DM-RS configuration type 1 with PI-RS associated with
DM-RS port 1000, and port 1000 maps to subcarriers
10,2,4,8,10,12} or {0,2,4,6,8,10} or all even subcarriers,
then “PTRS-RE-oflset” configured by RRC to be equal to
any ol 1,3,5,7.9, or 11 will lead to a non-supported case
which implies a scheduling restriction.

If the conventional “PTRS-RE-oflset” configured by the
RRC layer 1s equal to any of 1, 3, 5, 7, 9 or 11, only DM-RS
ports {1002, 1003, 1006, 1007} for DM-RS configuration
type 1 can be used for PDSCH or PUSCH (since these
DM-RS ports have the subcarrier ofiset 4=1 according to the
Table 7.4.1.1.2-1 above), which 1s a scheduling restriction.

Below Table 1 and Table 2 represent the existing encoding,
of the conventional parameter “PTRS-RE-oflset” for DM-
RS configuration types 1 and 2, respectively. Furthermore,
the last column indicates the group of DM-RS ports for
which the corresponding value of conventional “PTRS-RE-
oflset” leads to a supported case.

The existing encoding requires 4 bits to represent the
conventional “PTRS-RE-ofiset”. The below Table 1 outlines
a bitmap for the existing encoding of the conventional

“PTRS-RE-offset” for DM-RS configuration type 1.
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Subcarrier used

PTRS-RE-oifset value for PT-RS Compatible DM-RS ports
0000 0 1000/1001/1004/1005
0001 1 1002/1003/1006/1007
0010 2 1000/1001/1004/1005
0011 3 1002/1003/1006/1007
0100 4 1000/1001/1004/1005
0101 5 1002/1003/1006/1007
0110 6 1000/1001/1004/1005
0111 7 1002/1003/1006/1007
1000 8 1000/1001/1004/1005
1001 9 1002/1003/1006/1007
1010 10 1000/1001/1004/1005
1011 11 1002/1003/1006/1007

Similarly, the below Table 2 outlines a bltmap for the
existing encoding of the conventional “PTRS-RE-oflset” for
DM-RS configuration type 2.

Subcarrier used

PTRS-RE-offset value for PT-RS Compatible DM-RS ports
0000 0 1000/1001/1006/1007
0001 1 1000/1001/1006/1007
0010 2 1002/1003/1008/1009
0011 3 1002/1003/1008/1009
0100 4 1004/1005/1010/1011
0101 5 1004/1005/1010/1011
0110 6 1000/1001/1006/1007
0111 7 1000/1001/1006/1007
1000 8 1002/1003/1008/1009
1001 9 1002/1003/1008/1009
1010 10 1004/1005/1010/1011
1011 11 1004/1005/1010/1011

The technique may reduce the signaling overhead (e.g., as
compared to the existing encoding of the convention param-
cter) by transmitting a parameter “PTRS-RE-offset” (1.¢., the
bit field) that 1s used or usable to generate a relative index
to one of the elements 1n the subset of subcarriers used by
or allocated to the DM-RS port associated with the PT-RS.

Any embodiment described herein may implement at least
one of the tollowing teatures. A subset S, ot subcarriers used
by (or allocated to) the DM-RS port p within a PRB 602 1s
defined. A relative index to one of the elements of S/ 1s
denoted as I,,_,. The relative index 1s defined (e.g., generated
or derived) as a function of the bit field PTRS-RE-offset and,

optionally, the port number p 1n accordance with:

In =f(PTRS-RE-offset,p).

The P1-RS subcarrier 1s determined by S (I.;), wherein
S, (.) denotes the ordered subset S, e.g., an array.

The subsets, S, ot subcarriers for DM-RS ports are
shown 1n below Table 3 and Table 4 for DM-RS configu-
ration types 1 and 2, respectively, for the case of a single-
symbol DM-RS.

Below Table 3 lists the subsets of subcarriers for the
DM-RS configuration type 1 assuming a single-symbol

DM-RS. The subsets depend on the DM-RS port p.

Subset of DM-RS

DM-RS port, subcarriers in the PRB,
P Sy
1000 {0, 2,4, 6,8, 10}
1001 {0,2,4,6,8, 10}
1002 {1,3,5,7,9, 11}
1003 {1,3,5,7,9, 11}
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Below Table 4 lists the subsets of subcarriers for DM-RS
configuration type 2 assuming a single-symbol DM-RS. The

subsets depend on the DM-RS port p.

Subset of DM-RS

DM-RS port, subcarriers 1n the PRB,
P S,

1000 Sp=10,1,6,7}
1001 Sp=10,1,6,7}
1002 Sp=12,3,8,9}
1003 Sp=12,3,8,9}
1004 Sp =1{4, 5, 10, 11}
1005 Sp =1{4, 5, 10, 11}

In a first variant, which may be mmplemented 1n any
embodiment described herein, the bit field 1s indicative of
the relative index. The first variant may provide full flex-
ibility for the base station or network when configuring the
subcarrier to be used by the PT-RS.

For the full indication flexibility, the relative index may be
used as the bit field, that is, the function may be

SPTRS-RE-offset,p)=PTRS-RE-oflset. (Eq. 1)

Hence, the relative index 1s fixed and equal to the RRC
configured parameter PTRS-RE-offset. The relative index
does not depend dynamically on the associated DM-RS port.

The relative index selects a subcarrier among the subcar-
riers used by the DM-RS ports used for the particular
PDSCH or PUSCH scheduling. If more than one DM-RS
port 1s used for data scheduling, then a predefined rule 1s
used, such as that the PT-RS port 1s associated with the
DM-RS port with lowest index.

Based on the subsets defined in Table 3 and Table 4 for the
respective DM-RS configuration types, the bit field value,
1.¢. the relative index PTRS-RE-oflset may be mndicative of
the subcarrier for the PT-RS 1n the PRB. Since the subsets
are complete for a given DM-RS port, the encoding accord-
ing to the first variant provides full tlexibility when config-
uring the corresponding PT-RS subcarrier for the DM-RS
ports. Without limitation, the encoding according to the
technique 1s shown in Table 5 and 6 for the DM-RS
configuration types 1 and 2, respectively.

An example for implementing the first variant follows. It
a PT-RS port that 1s associated with DM-RS port 1000 (with

S1000=10,2,4,6,8,10}) and PTRS-RE-offset=2 (i.e. 010 in
binary representation) has been configured to the UE using

RRC signaling, then the PT-RS 1s mapped to subcarrier
S, 600(2)=4. If a MIMO transmission 1s used, where DM-RS

ports 1000,1001,1002 and 1003 are used, then a predefined
rule applies that the lowest indexed DM-RS port (1000 in
this case) 1s used to determine the subcarrier for the PT-RS
port according to the described rule (1.e., Table 3 or 4).

In case multiple DM-RS groups are configured, then the
procedure 1s applied per DM-RS group, hence one PT-RS
subcarrier 1s selected per DM-RS group.

When receiving PDSCH, the UE should assume the
PT-RS 1s present on this subcarrier and when transmitting
PUSCH, the UE should transmit PT-RS on this subcarrier in
the PRBs assigned for PT-RS transmission.

Embodiments of the first varniant can reduce the RRC
signaling overhead to 3 bits. Moreover, a common indication
of “PTRS-RE-oflset” for downlink (DL) and uplink (UL)
can be used, because any value of the parameter “PTRS-
RE-oflset” can be used with any DM-RS port. Theretfore, a
common indication of “PTRS-RE-oflset” may be applied for
DL and UL. The signaling overhead 1s reduced with respect
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to the existing encoding and/or further reduced with respect
to an implementation of the technique separately for UL and

DL.

Moreover, the first variant may be implemented to avoid
the DC subcarrier, since the RRC signaling can control

which subcarriers the PT-RS may be mapped to (depending
on the used DM-RS port).

In order to have a harmonized signaling for DM-RS
configuration types 1 and 2, for DM-RS configuration type
2 just the 2 LSB (e.g., the 2 least significant bits) of
PTRS-RE-oflset are used for generating the relative index.
As a result, a value and/or a common size (or signal format)
for the PTRS-RE-offset, 1.e., for the bit field, can be used
together with both DM-RS configuration types 1 and 2.
Furthermore, the configuration message, 1.e., the PITRS-RE-
oflset parameter, does not have to be transmaitted or signaled
again (e.g., to comply with a configuration type-dependent
format for the bit field) when changing the used DM-RS
configuration type in the transmission.

However, for the SU-MIMO case with more than 1
scheduled PT-RS port, an independent indication of PTRS-
RE-oflset 1s required for every PT-RS port. The main reason
1s that 1f the PT-RS ports are associated with DM-RS ports
with the same subset of subcarriers, with common PTRS-
RE-oflset indication the PT-RS ports would be mapped to
the same subcarrier (meaning a high level of interference
between PT-RS ports). So independent indication 1s
required.

Below Table 5 represents the subcarrier index (1.e., actual
index in the PRB and not the relative index in the subset) as
derived from the bit field, i.e., the parameter “PTRS-RE-
oflset” in the first column, as an implementation of the
technique. The Table 5 may be implemented as an encoding
mechanism for full flexibility based on the parameter

“PTRS-RE-oifset”.

Without limitation, the below Table 5 assumes the DM-
RS configuration type 1 and a single-symbol DM-RS.

PTRS- Subcarrier index for PT-RS mapping in the PRB
RE-offset, e.g., DM-RS port DM-RS port DM-RS DM-RS port
signaled by RRC 1000 1001 port 1002 1003
000 0 0 1 1
001 2 2 3 3
010 4 4 5 5
011 6 6 7 7
100 8 8 9 9
101 10 10 11 11

Below Table 6 represents the subcarrier index as derived
from the bit field, 1.e., the parameter “PTRS-RE-offset” 1n
the first column, as an implementation of the technique. The
Table 6 may be implemented as an encoding mechanism for
tull flexibility based on the parameter “PTRS-RE-oflset™.

The below Table 6 relates to a DM-RS configuration type
with a smaller subset, so that the MSB (e.g., most significant
bit) 1n the parameter “PTRS-RE-oflset” 1s 1gnored. Without
limitation, the Table 6 assumes the DM-RS configuration
type 2 and a single-symbol DM-RS.




US 10,305,052 B2

PTRS-RE-

offset, e.g., Subcarrier index for PT-RS

signaled by DM-RS DM-RS DM-RS DM-RS DM-RS DM-RS
RRC port 1000 port 1001 port 1002 port 1003 port 1004 port 1005
y00 0 0 2 2 4 4
y01 1 1 3 3 5 5
y10 6 6 8 8 10 10
yll 7 7 9 9 11 11

In a second varniant, which may be implemented in any
embodiment described herein, the bit field 1s indicative of a
relative mndex with reduced flexibility.

In order to further reduce the signaling overhead and be
able to use common indication of “PTRS-RE-oflset” for all
the PT-RS ports scheduled for SU-MIMO, an alternative
function (i.e., a function applied 1n the second variant) for
generating the relative index may be defined.

An example for the function according to the second
variant 1s

APTRS-RE-oftset,p)=2-PTRS-RE-offset+ofiset, (Eq. 2)

wherein oflset, 1s a parameter related to the OCC values
used by DM-RS port p. Hence, the relative index also
depends dynamically on the one or more selected DM-RS
ports for scheduling.

The value ot offset, tor DM-RS port p can be obtained as
offset,=p mod 2. The function 1n Eq. 2 reduces the tlexibility
of the indication, because not all the PT-RS ports can be
mapped to any subcarrier. However, this reduction of the
flexibility does not have an impact on the performance, e.g.,
because the base station 310 or RAN 1s still enabled to avoid
the DC subcarrier for any PT-RS port.

The offset, parameter ensures that two P'I-RS ports asso-

ciated with DM-RS ports with the same comb but different
OCC are mapped to different subcarriers for the same value
of PTRS-RE-offset. Hence, a common 1ndication of PTRS-
RE-oflset for SU-MIMO (1.e., for the number of PT-RS ports
being higher than 1) 1s enabled. Alternatively or in addition,
in case two or more UEs 512 have been configured with the
same PTRS-RE-offset parameter (e.g., by RRC), the two or
more UEs 512 can still be scheduled with a single layer each
in MU-MIMO scheduling (e.g., DM-RS ports 1000 and
1001, respectively), since it 1s ensured that each DM-RS port
maps PT-RS to a umique subcarrier.
In below Table 7 and Table 8, the value of ofiset, for
different DM-RS ports for DM-RS configuration types 1 and
2, respectively, are shown. Based on the previous tables and
on the function 1n Eq. 2 to generate the relative index. An
implementation of the second variant 1s shown in below
Table 9 and Table 10, which outline the encoding of PTRS-
RE-offset and the corresponding PT-RS subcarrier for the
DM-RS ports in DM-RS configuration types 1 and 2,
respectively.

An example for implementing the second variant follows.
If the PT-RS port 1s associated with the DM-RS port 1000

(with S;,00=10, 2, 4, 6, 8, 10} and offset, ,,,=0) and PTRS-
RE-offset=2, the PT-RS 1s mapped to the subcarrier S,
(2-240)=8.

The below Table 7 indicates the offset, as a function ot the
DM-RS port p. Without limitation, the DM-RS configura-
tion type 1 1s assumed 1n Table 7.
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DM-RS port, p offset,
1000 0
1001 1
1002 0
1003 1

il

The below 'Table 8 indicates the otiset, as a function of the
DM-RS port p. Without limitation, the DM-RS configura-
tion type 2 1s assumed 1n Table 8.

DM-RS port, p offset,
1000
1001
1002
1003
1004
1005

— D = O = O

An 1mmplementation of the second variant 1s shown 1n
below Table 9. The subcarrier for the PT-RS 1s derived from
a combination of the indication in the bit field and the
DM-RS port p, namely the ofiset,. The Table 9 may be
implemented as a mechanism for encoding and decoding the
“PTRS-RE-offset”. Without limitation, below Table 9
assumes the DM-RS configuration type 1 and a single-
symbol DM-RS. Inspection of the Table 9 shows that each
DM-RS port maps the PI-RS to a unique subcarrier.

Subcarrier index for PI-RS

PTRS- DM-RS
RE-offset, e.g., as port DM-RS port DM-RS port DM-RS port
signaled by RRC 1000 1001 1002 1003
00 0 2 1 3
01 4 6 5 7
10 8 10 9 11

A Turther implementation of the second variant, which 1s
combinable with the previous implementation, 1s shown 1n
below Table 10. The subcarrier for the PT-RS 1s derived
from a combination of the indication in the bit field and the
DM-RS port p, namely the oflset,. Below Table 10 applies

to the DM-RS configuration type with the smaller subsets.
Hence, the MSB 1n the bit field i1s 1gnored.

The below Table 10 may be implemented as a mechanism
for encoding and decoding the “PTRS-RE-ofiset”. Without
limitation, Table 10 assumes the DM-RS configuration type
2 and a single-symbol DM-RS. Inspection of the Table 10
shows that each DM-RS port maps the PI-RS to a unique
subcarrier.
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PTRS-RE-
offset, e.g., Subcarrier index for PT-RS
signaled by DM-RS DM-RS DM-RS DM-RS DM-RS DM-RS
RRC port 1000 port 1001 port 1002 port 1003 port 1004 port 1005
yO 0 1 2 3 4 5
yl 6 7 8 9 10 11

Implementation of the second variant can reduce the
required overhead to 2 bits. Moreover, a common indication
for DL and UL can be used, since the second variant enables
using any value of the parameter “PTRS-RE-oflset” with
any DM-RS port. Also, for the case of SU-MIMO with more
than one PT-RS being scheduled, a single indication of
PTRS-RE-oflset (e.g., a single transmission of the bit field)
can provide different subcarriers for PI-RS ports associated
with different DM-RS ports, thus reducmg the overhead with
respect to the existing usage of the oflset.

In order to have a harmomnized signaling for DM-RS
configuration types 1 and 2, for DM-RS configuration type
2 just the 1 LSB (e.g., the 1 least significant bit) of
PTRS-RE-oflset 1s used for generating the relative index. As
a result, a value for the parameter PTRS-RE-oflset (1.e., the
bit field) may be used 1 or applied to both DM-RS con-
figuration types 1 and 2, e.g., without the need of newly
signaling the PTRS-RE-oflset when changing the used DM-
RS configuration type 1n the transmission.

For clarity and without limitation, above embodiments
and variants have been described for DM-RS ports that do
not apply a coding in the time domain. The following
implementation provides the relative index with reduced
flexibility with DM-RS ports that apply such a temporal
coding, e.g., an orthogonal cover code in the time domain
(TD-OCC). The following implementation 1s combinable
with any other embodiment or variant described herein.

In order to make the PTRS-RE-oflset signaling compat-
ible with the cases where TD-OCC applied to the DM-RS

together with PT-RS 1s used (1.e., ports 1004-1007 for
DM-RS type 1 and ports 1006-1011 for DM-RS type 2 for
sub-6 scenarios), a further function { for determining the
relative mdex 1s provided. The function may be imple-
mented to generate the relative index as described in the
second variant for the DM-RS ports without TD-OCC. That
1s, the following implementation may be compatible with
the above second variant for the appropriate DM-RS ports.
An exemplary function for DM-RS type 1 1s

APTRS-RE-oftset,p )=PTRS-RE-offset+/D_oflset +

2:-TD_oftset, mod 0, (Eq. 3-1)

wherein FD_oflset, 1s a parameter related to the values of

the frequency domain OCC (FD-OCC) used by the DM-RS
port p. The parameter TD_oflset, 1s related to the TD-OCC
values used by DM-RS portp. Hence, the relative index also
depends dynamically on the selected DM-RS port(s) for
scheduling.

More specifically, and without limitation:

FD_offset, = p mod 2, and

p — 1000
TD_mffsetp = { ‘

4

In below Tables 11 and 12, an encoding of PTRS-RE-
oflset, 1.e., the bit field, using the presented scheme 1s shown.
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An exemplary function for DM-RS type 2 1s

APTRS-RE-oflset,p)=PTRS-RE-offset+/D_oflset, +

2-TD oflset, mod 4, (Eq. 3-2)

wherein FD_oflset, 1s a parameter related to the FD-OCC
values used by DM-RS port p, and TD_oflset , 1s a parameter

related to the TD-OCC values used by DM-RS port p.
A similar definition of FD_o:Tsetp and TD_off'setp may be

applied, e.g.,

FD_offset, = p mod 2, and

p — 1000
TD_fosetp = { ‘

6

Hence, the relative index, as generated by the function T,
also depends dynamically on the one or more selected
DM-RS ports for scheduling. In below Tables 13 and 14, the
encoding of the bit field, 1.e. PIRS-RE-offset, using the
presented scheme 1s shown.

The schemes for DM-RS types 1 and 2 offer different
PT-RS subcarriers for different DM-RS ports.

Below Table 11 outlines an encoding of the “PTRS-RE-
oflset” for DM-RS configuration type 1 assuming a 2

DM-RS symbols for ports 1000 to 1003. It can be seen that
cach DM-RS port maps PT-RS to a unique subcarrier.

Sub-carrier index for PT-RS

PTRS-RE- DMRS DMRS DMRS DMRS
offset by port port port port
RRC 1000 1001 1002 1003
00 0 2 1 3
01 2 4 3 5
10 4 6 5 7
11 6 8 7 9

Below Table 12 outlines an encoding of “PTRS-RE-
oflset” for DM-RS configuration type 1 assuming a 2
DM-RS symbol for ports 1004 to 1008. It can be seen that

cach DM-RS port maps PT-RS to a unique subcarrier.

Sub-carrier index for PT-RS

PTRS-RE- DMRS DMRS DMRS DMRS
offset by port port port port
RRC 1004 1005 1006 1007
00 4 6 5 7
01 6 8 7 9
10 8 10 9 11
11 10 0 11 1

Below Table 13 outlines an encoding of “PTRS-RE-
oflset” for DM-RS type 2 assuming a 2 DM-RS symbol for
ports 1000 to 1003. It can be seen that each DM-RS port

maps PT-RS to a umique subcarrier.
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PTRS-RE- Sub-carrier index for PI-RS
offset by DMRS DMRS DMRS DMRS DMRS DMRS
RRC port 1000  port 1001 port 1002 port 1003 port 1004 port 1005
00 0 1 2 3 4 5
01 1 6 3 8 5 10
10 6 7 8 9 10 11
11 7 0 9 2 11 4

Below Table 14 outlines an encoding of “PTRS-RE-
oflset” for DM-RS type 2 assuming a 2 DM-RS symbol for
ports 1006 to 1011. It can be seen that each DM-RS port
maps PT-RS to a unique subcarrier.

the memory 1206 may be encoded with instructions that
implement at least the module 202.

The one or more processors 1204 may be a combination
of one or more of a microprocessor, controller, microcon-

PTRS-RE- Sub-carrier index for PT-RS
offset by DMRS DMRS DMRS DMRS DMRS DMRS
RRC port 1006  port 1007  port 1008 port 1009 port 1010 port 1011
00 6 7 8 9 10 11
01 7 0 9 2 11 4
10 0 1 2 3 4 5
11 1 6 3 8 S 10

FIG. 10 shows a schematic block diagram for an embodi-
ment of the device 100. The device 100 comprises one or
more processors 1004 for performing the method 300 and
memory 1006 coupled to the processors 1004. For example,
the memory 1006 may be encoded with instructions that
implement at least the module 102.

The one or more processors 1004 may be a combination
of one or more of a microprocessor, controller, microcon-
troller, central processing umit, digital signal processor,
application specific itegrated circuit, field programmable
gate array, or any other suitable computing device, resource,
or combination ol hardware, microcode and/or encoded
logic operable to provide, either alone or 1n conjunction with
other components of the device 100, such as the memory
1006, base station and/or radio access functionality. For
example, the one or more processors 1004 may execute
instructions stored 1n the memory 1006. Such functionality
may include providing various features and steps discussed
herein, including any of the benefits disclosed herein. The
expression “the device being operative to perform an action™
may denote the device 100 being configured to perform the
action.

As schematically illustrated 1n FIG. 10, the device 100
may be embodied by a base station 510, e.g., of a RAN. The
base station 310 comprises a radio interface 1002 coupled or
connected to the device 100 for a radio channel with one or

more radio devices. The base station 310 or the device 100
may communicate via the radio interface 1002 with the one
or more radio devices.

In a variant, e.g., as schematically illustrated 1n FIG. 11,
the functionality of the device 100 1s provided by another
node (e.g., in the RAN or a core network linked to the RAN).
That 1s, the node performs the method 300. The functionality
of the device 100 1s provided by the node to the base station
510, e.g., via the interface 1002 or a dedicated wired or
wireless 1nterface.

FI1G. 12 shows a schematic block diagram for an embodi-
ment of the device 200. The device 200 comprises one or
more processors 1204 for performing the method 400 and
memory 1206 coupled to the processors 1204. For example,
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troller, central processing unit, digital signal processor,
application specific itegrated circuit, field programmable

gate array, or any other suitable computing device, resource,
or combination of hardware, microcode and/or encoded
logic operable to provide, either alone or 1n conjunction with
other components of the device 200, such as the memory
1206, radio device and/or terminal functionality. For
example, the one or more processors 1204 may execute
instructions stored 1n the memory 1206. Such functionality
may include providing various features and steps discussed
herein, including any of the benefits disclosed herein. The
expression “the device being operative to perform an action™
may denote the device 200 being configured to perform the
action.

As schematically 1llustrated 1n FIG. 12, the device 200
may be embodied by a radio device 512, e.g., of a RAN. The
radio device 512 comprises a radio interface 1202 coupled
or connected to the device 200 for a radio channel with one
or more radio access nodes. The radio device 512 or the
device 200 may communicate via the radio interface 1202
with the one or more radio access nodes.

In a vanant, e.g., as schematically illustrated 1n FIG. 13,
the functionality of the device 200 1s provided by another
node (e.g., in the RAN or a core network linked to the RAN).
That 1s, the node performs the method 200. The functionality
of the device 200 1s provided by the node to the radio device
512, e.g., via the interface 1202 or a dedicated wired or
wireless interface.

As has become apparent from above description, embodi-
ments of the technique enable lower signaling overhead of
the control signaling. It does not require independent 1ndi-
cation of “PTRS-RE-offset” for DL and UL. Alternatively or
in combination, 1t does not require independent indication of
“PTRS-RE-offset” for all the scheduled PT-RS ports 1n
SU-MIMO.

Same or further embodiments can avoid scheduling
restrictions, e.g. incompatibilities between PTRS-RE-oflset
and the scheduled DM-RS port.

In addition, orthogonality between PT-RS ports (i1.e. P'1-
RS transmitted through different DM-RS ports) by means of
frequency division multiplexing (FDM) can be achieved
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even 11 only one value for the offset parameter (1.e., the bit
field) 1s transmitted for a plurality of PT-RS ports.

The configuration message may enable configuring the
PT-RS depending on a quality of oscillators, a carrier
frequency, an OFDM subcarrier spacing and a modulation
and coding scheme (MCS) used for transmission.

Many advantages of the present mvention will be fully
understood from the foregoing description, and it will be
apparent that various changes may be made in the form,
construction and arrangement of the units and devices
without departing from the scope of the mmvention and/or
without sacrificing all of its advantages. Since the mnvention
can be varied in many ways, 1t will be recognized that the
invention should be limited only by the scope of the fol-
lowing claims.

Moreover, the technique may be implemented, indepen-
dently or in combination with any aforementioned embodi-
ment, implementation or variant, according to the following
description of further embodiments (wherein the port index
“p” may be denoted by “x”), including those described as
“proposals.”

Remaining details on PTRS design

1 Introduction

In RAN1-90b1s, the following agreements were made:

If DL- PTRS-present/UL -PTRS-present 1s enabled,

a. When PTRS 1s present, one PTRS port 1s present in
every OFDM symbol and every 27 RB unless DL/UL
density tables are configured by RRC. Note: This can in
specification  be achieved by specilying
plrsthMCS 1=ptrsthMCS2=ptrsthMCS3 and
ptrsthRB2=ptrsthRB4=Inf for these pre-defined values
respectively

b. PTRS is not present in DL if MCS<ptrsthMCS, " or
BW<ptrsthRB,”*, where default values of
ptrsthMCS , * and ptrsthRB,”" are to be decided at

RANI1#90b or RAN1#91 the latest

c. PTRS is not present in UL if MCS<ptrsthMCS, “* or

BW<ptrsthRB,“*, where default values of

ptrsthMCS, “* and ptrsthRB,“* are to be decided at
RANI1#90b or RAN1#91 the latest

For CP-OFDM, antenna port (AP) configuration: Same as
DL, support at least up to 2 UL PTRS ports 1n Rel-15

For CP-OFDM, support UE to report the desired maxi-
mum number of UL PTRS ports as UE capability and report
the preferred DL layer, 1n case of 2 CW, report the preferred
DL layer within the CW with higher CQI 1n UCI

For UL codebook-based transmission, when one PTRS
port 1s configured, support ogNB to indicate to UE 1n the UL
grant which DMRS port 1s associated with the PTRS port

UE 1s not expected to be configured/scheduled with
DMRS with TD-OCC and PTRS 1n the same slot in case of
above 6 GHz.

Support a RB-level offset for selecting RBs among the
scheduled RBs for mapping PTRS, and the offset 1s implic-
itly determined by UE-ID (1.e., C-RNTI).

Support implicit dertvation the RE-level ofiset for select-
ing subcarrier for mapping PTRS within a RB from one or
more parameters (e.g. associated DMRS port index, SCID,
Cell ID, to be decided in RAN1#91)

In addition, an RRC parameter “PTRS-RE-oflset” 1s also
supported that explicitly indicates the RE-level offset and
replaces the mmplicit offset, at least for avoiding collision
with DC tone

For UL, the transmission power for the symbols with and
without PTRS should be kept the same when more than 1

PTRS port 1s configured
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Support power borrowing for PIRS from muted REs
when more than 1 PTRS port 1s configured

At least for DL SU-MIMO scheduling, the EPRE ratio
between PTRS and PDSCH 1s by default implicitly indicated
by the number of scheduled PTRS ports for the UE

The default EPRE ratio 1s 0 dB for 1 PTRS port case and
3 dB for 2 PTRS port case

Other combinations including EPRE up to 6 dB are

allowed by RRC configuration of association between num-
ber of DL PTRS ports and EPRE ratios

For chunk-based pre-DFT PTRS insertion for DFTs-
OFDM with X chunks of size K={2.,4}, support the follow-
ing: (1) For K=2, the samples in DFT domain are divided 1n
X 1ntervals, and the chunks are located in each interval in
samples n to n+K-1 where the n 1s FFS; (11) For K=4, the
samples in DFT domain are divided 1n X intervals, where 1n
the first interval the chunk 1s placed 1in the Head (first K
samples), 1in the last interval the chunk 1s placed 1n the Tail
(last K samples), and 1n the rest of intervals the chunk 1s
placed in the middle of each of the two intervals

For PTRS for DF1-s-OFDM, support a RRC parameter
«UL-PTRS-frequency-density-transform-precoding»  indi-
cating a set of thresholds T={N,, .n=0,1,2,3,4}, per BWP
that indicates the values of X and K the UE should use
depending on the scheduled BW according to the table
below

Possible PTRS presence/absence 1s configured through an
RRC parameter «UL-PTRS-present-transiform-precoding?

Time-domain PTRS density 1s configured by an RRC
parameter «UL-PTRS-time-density-transtform-precoding»
where supported time densities are L_{PT-RS}={1,2}

Note: Time-domain pattern depends on DM-RS positions
using the same principle as agreed for CP-OFDM PTRS
mapping

FFS: Whether to mtroduce (K=1, X=16) and the impacts
on existing design. If supported, K={1,2,4} is supported and
the following applies

The samples 1n DFT domain are divided 1n X intervals,
and the chunks (K=1) are located in the middle of each
interval

(K=1, X=16) applies when Ng,,<N,-=N,.., and Yx4
applies for N,z>N, -

Note: No further modifications are bought with the
respect to the design for K={2.4}

This contribution discusses different aspects related with
the design of the Phase Tracking Reterence Signal (PTRS),
used to estimate, and compensate for phase noise related
errors and to support frequency oilset estimation.

2 Discussion

This contribution 1s divided 1n two main sections, one
focused on the open 1ssues of the PTRS design for the
CP-OFDM wavetorm (both for DL and UL) and the second
one focused on the open issues of the PTRS designed for
DFT-S-OFDM waveform.

2.1 PTRS Design for CP-OFDM

2.1.1 Association Tables for PIRS Time/Freq.
Densities

In previous RAN1 meetings it was agreed to support time
densities of PTRS every, every 2nd and every 4th OFDM
symbol, and frequency densities of 1 PTRS subcarrier every
2nd and every 4th PRB. In transmissions with small sched-
uled BW, denser PTRS 1n frequency domain i1s required to



US 10,305,052 B2

33

obtain accurate phase noise estimation (as shownin [1]), and
specially to obtain accurate frequency oflset estimation (as
shown 1n [2]). Therefore, we think 1t 1s 1important to also
support the frequency density of 1 PTRS subcarrier in every
PRB.

Add support for frequency density of 1 PTRS subcarrier
in every PRB 1n the density tables that can be configured by
RRC for UL and DL, respectively.

Also, 1t was agreed that the selected PTRS configuration
should be selected using Table 1 and Table 2 (1.e., time
density associated with the scheduled MCS and frequency
density associated with the scheduled BW). However, we
showed 1n the evaluations results presented 1n [3] that PTRS
time density can be selected independently of the coding
rate, 1.¢. 1t 1s suflicient if the PTRS time density 1s associated
with the modulation schemes (QPSK, 16QAM, 64QAM and
256QQAM) only.

To achieve this, we propose to simplify Table 2, where the
MSC association 1s done using only the Modulation
Schemes since we don’t need the granularity of code rate.
Hence, MCS can only select modulation constellation where
MCS=1 1s QPSK, MCS=2 15 16 QAM and so on.

One important advantage of this approach 1s that single
association table can be used with different MCS tables as
there will be multiple MCS tables defined (so far 1t has been
agreed to use two diflerent MCS tables for NR [4]). Also, the
proposal does not require special handling of the reserved
MCS entries, simplifying the design.

The MCS thresholds 1n the PTRS time density table have
the granularity of modulation constellation size only,
excluding the code rate.

TABLE 1

Association table between PTRS frequency density and scheduled BW.

Scheduled BW Frequency density

Ngp < ptrsthRB, No PT-RS
ptrsthRB, = Ny, < ptrsthRB, 1
ptrsthRB, = Npz < ptrsthRB, Y
ptrsthRB5 = Ngp Ly

TABLE 2

Associlation table between PTRS time density and MCS.

Scheduled MCS Time density
MCS < ptrsthMCS; No PT-RS
ptrsthMCS, = MCS < ptrsthMCS, Ya
ptrsthMCS, = MCS < ptrsthMCS, Y2
ptrsthMCS; = MCS 1

2.1.2 PTRS Detfault Configuration in Time/Freq.
Domain

It was agreed that as default configuration, PTRS 1s
mapped to every OFDM symbol and to every other PRB. It
was FFS to decide 1f this default configuration should be

used for all scheduled BW and MCS or not, 1.e., if PTRS 1s

always ON. From the evaluations presented 1n [5] i1t can be
seen how PTRS 1s not needed to compensate the phase noise
eflects for low MCS and small scheduled BW. However,
PTRS could be used 1n some cases to perform frequency
oflset estimation, e.g., in UL transmissions with front-loaded
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DMRS as shown 1n [7] (either sub-6 or mmWave) and in DL
transmissions for mmWave (where TRS could require too

high overhead).

For these cases PTRS should be ON even for low MCS
and small scheduled BW, due to the requirements of the
frequency oflset estimation. Therefore, to fulfil both the
phase noise and frequency oflset compensation require-
ments, we propose to use a default association table where

PTRS 1s always ON, both for DL and UL. The proposed
default thresholds for DL and UL are shown 1n Table 3 and
Table 4, respectively.

As the largest number of RB per carrier 1s 275 1n NR, we
can use the value 276 to indicate the unobtainable threshold
of a scheduled BW. Support ptrsthRB,”*=ptrsthRB,”*=0,
ptrsthRB,“*=276 and
ptrsthMS, ““=ptrsthM S, “=ptrsthMS,”“=0 as  default
thresholds for DL. Support ptrsthRB,““=ptrsthRB, ““=0,
ptrsthRB,“*“=276 and
ptrsthMS, ““=ptrsthMS, ““=ptrsthMS,““=0 default
thresholds for UL.

ds

TABLE 1
Proposed default thresholds for DL.
RB thresholds ptrsthRB;™ = ptrsthRB,“* = 0, ptrsthRB,™* = 276
MS thresholds ptrsthMS [“* = ptrsthM S, 2> = ptrsthMS ;P4 = 0
TABLE 2
Proposed default thresholds for UL.
RB thresholds ptrsthRBsP% = ptrsthRB, 2% = 0, ptrsthRB,Y = 276
MS thresholds ptrsthMS [“* = ptrsthM S, > = ptrsthMS ;P4 = 0

It 1s important to clarity that PTRS always ON as default
configuration does not mean that PTRS 1s always transmiut-
ted, RRC signalling can be used to activate or de-activate the
PTRS transmission when needed. An important detail
related with the PTRS presence 1s that it should be inde-
pendent for DL and UL, because each case has diflerent
requirements. For example, for sub-6 scenarios PTRS 1s not
required 1 DL because the eflects of phase noise are not
significant and the tracking of frequency oflset 1s done by
TRS. However, PTRS i1s required 1n sub-6 for UL to perform
frequency offset compensation. Therefore, we propose to
have independent 1indication by RRC of the PTRS presence
for DL and UL.

Higher layer configuration indicate the possible presence
of PTRS for DL and UL independently, 1.e. UL-PTRS-

present and DL-PTRS-present are the RRC parameters.

2.1.3 RRC Signalling of Thresholds

It was previously agreed that UE can suggest by RRC
signalling values for the thresholds in the association tables
to override the default ones. Regarding the signalling of the
thresholds two 1mportant aspects should be studied: which
values are allowed for the thresholds (e.g. do we need the

flexibility of 275 possible threshold values for scheduled
BW?) and how to encode these allowed thresholds 1n an
cilicient way.

2.1.3.1 Association Table for Freq. Density

Firstly, we are going to focus on the thresholds for the
association table between scheduled BW and PTRS fre-
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quency density (Table 1). For this table, each threshold 1s set
to a specific number of PRBs. In NR, the maximum sched-
uled BW 1s X=275 PRB [6], then with full flexibility
selection each threshold 1n the table can take any value from
the vector S=[0,1,2,3.4, . . ., X, Inf], where “276 can also
be used istead of “Inf”. Selection with full flexibility
requires 9 bits to encode each threshold when X=275, which
means that 27 bits are required to encode 3 thresholds.
However, such flexible selection does not provide any
advantage as the values that the thresholds take 1s usually
limited, as seen 1n the evaluations presented in [ 1]. To reduce
the complexity and the signalling overhead we propose a
reduced flexibility selection where the number of allowed
values for the thresholds i1s restricted.

The preferred option 1s to restrict the values of the
thresholds to the number of PRBs multiples of the RBG size,

1.€., the thresholds can take any value from the vector S=[0,
RBG, 2*RBG, 3*RBG . . ., Y*RBG, Inf], where

' = g

If RBG=4, S=[0.4,8,16, ..., 272, Int], which contains 70
clements (requiring 7 bits to encode one threshold and 21
bits to encode 3 the thresholds).

Restrict the values of the thresholds ptrsthRBx to the set
of elements which are multiple of the RBG size, 1.e.,
[0,RBG,2*RBG,3*RBG . . . ,Y*RBG,276] with Y=|X/
RBG| and X is the maximum scheduled BW in NR.

Further reduction in the signalling overhead can be
achieved 11 eflicient encoding 1s used instead of bitmap
encoding. This 1s used for EPDCCH configuration in LTE
where a limited set of RBs are selected from the set of all
available RBs.

With bitmap encoding each threshold can take any value
ol S, so the required number of bits to encode each threshold
1s [log, N], where N 1s the length of vector S. However, to
improve the encoding we can take advantage of the relative
relation between the thresholds, 1.€.,
ptrsthRB =ptrsthRB, =ptrsthRB..

Thus, considering the previous relation we propose in
Algorithm 1 an eflicient encoding scheme for the set of
thresholds 1n the association table.

Algorithm 1

Define the vector S = [sy, s>, . . .
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In Table 5 we show a comparison of the overhead to
encode the set of thresholds for the frequency density
association table using full and reduced tlexibility selection,
and bitmap and etlicient encoding. We can see how using the
proposed encoding the overhead 1s reduced 5 bits for both
tull flexibility and reduced flexibility selection and combin-

ing the two methods we reduce the signaling overhead from
2’7 to 16 bats.

Therefore, the proposed encoding should be adopted for
ciiciently encode the thresholds of the association table
similar to what was done for EPDCCH m LTE.

Use the encoding scheme described in Algorithm 1 to
encode the set of thresholds of the frequency density asso-
ciation table.

TABLE 3

Overhead comparison for two types of selection and 2 types of
encoding for 3 thresholds signalling.

Bit map Encoding in Algorithm 1

27 bits
21 bits

Full flexibility
Reduced flexibility with
RBG =4

22 bits (18.5% overhead reduction)
16 bits (22.7% overhead reduction)

2.1.3.2 Association Table for Time Density

As proposed m 2.1.1, Table 2 should be used for asso-
ciation of PTRS time density and modulation schemes. As
NR using CP-OFDM supports the modulation schemes
QPSK, 16QAM, 64QAM and 256QAM, the thresholds 1n
such a table are set to one of the values 1n the vector S=[0,
1, 2, 3, 4, Int].

Restrict the values of ptrsthMCS_ to [0,1,2,3,4, Inf.].

To efliciently encode the 3 thresholds for the association
table we can use the same encoding scheme proposed for the
association table for frequency density. In Table 4 we show
the overhead required to signal the set of thresholds using
bitmap encoding and the proposed encoding scheme. The
overhead reduction achieved with the proposed encoding 1s
significant, so 1t should be adopted for NR.

Use the encoding scheme described in Algorithm 1 to
encode the set of thresholds of the time density association
table.

, S»7] which contains the N allowed values for the thresholds (in

increasing order). For example, for the reduced flexibility solution presented previously S =

[0, 4, 8, 16, ..., 276] with N = 70 elements.
Denote the M thresholds to encode as th,, thy, . .

., thys 1, which are defined as th; = x;.. Where k;

is the index that represents which value from S has been selected for th,. One important property is

that th,, ; = th, and k;,; = k..

For each combination of thresholds th,, thy, . .

SR

" bla-b)!

Finally, the unique index r is encoded using [log, (=, _ o™ ~ ', ;Y ~ )] bits.

., thy, {, we can generate a unique index r as follows:

1s the binomial coetficient
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TARI E 4 However, 1n [1] we presented evaluation results showing,

that PTRS to PTRS interference for neighbouring cells

Overhead comparison for 2 types of encoding for 3 thresholds signalling. oflers better performance than PDSCH to PTRS interference
(when using the agreed constant modulation symbol

Bit map Encoding in Algorithm 1 . sequence for PTRS in CP-OFDM). Also, in Appendix 5.1 in

[3] we presented the derivations that support this argument.

9 bit 6 bits (33.3% head reducti . : :
- fts { overhead reduction) Moreover, PTRS mapping 1s closely related with the

multiplexing of PTRS and CSI-RS. In the cases 1 which
CSI-RS and PTRS are FDMed, CSI-RS resources can’t be
mapped to subcarriers in which PTRS 1s mapped. It has been
2.1.4 RB-Level Oflset for PTRS 10 already agreed that CSI-RS resources with more than 1 port
use 1n all cases FD2, and so each CSI-RS port includes 2

_ : adjacent CSI-RS RE in the frequency domain. This fact
RANT agreed to support RB-level oflset for selecting RBs produces that a RE-level oflset associated with SCID or Cell

Among, th? sch.ec.luled R_BS lor mapping PIRS. It was also ID could lead to a low number of available RE for CSI-RS
agreed to implicitly derive the oflset from the C-RNTI, but - regoyrces in some cases, as shown in FIGS. 14a and 145,

not exactly how to do it. To design an implicit association 1> which illustrate an example of PTRS fixed and configurable
rule between C-RNTI and RB-level oftset we should con- mapping and the available CSI-RS ports.

sider that for different densities the maximum oflset 1s In conclusion, we believe that the best option for PTRS
different. Thus, for a frequency density of 1 PTRS subcarrier mapping 1s to associate the RE-level offset with the index of

every 4” PRB the maximum value for the RB-offset 1s 3, for the DMRS port associated with the P1RS port, because of

yd PRR 1 and f PRRB is 0. H >0 1ts lower degradation due to inter-cell interference and its
“re ts 1 and for every 1 e e good properties for FDM with CSI-RS. In Table 5 and Table

propose the lollowing equation to implicitly derive the 6 we show the proposed RE-level offset associated to each
RB-level offset from the C-RNTTI (considering the trequency DMRS port index for DMRS type 1 and 2

density used):

Support 1mplicit association of the RE-level offset with
the mndex of the DMRS port that 1s associated with the PTRS
RB 4= C-RNTI mod #1575 crep 2> port.

Adopt Table 5 and Table 6 for dertving the RE-level offset
for one PTRS port based 1n its associated DMRS port index

where Npyrps ,—1 for treq. density 1, npppg ,0,=2 for freq.

density 72, and Npyps o0,~4 1or freq. density 7a. (for DMRS type 1 and 2).
The association between RB-level offset and C-RNTT 1s
not valid when it comes to broadcast transmissions with 3V TABIE 5
PTRS. In this case the RB-level ofiset must be implicitly
derived from a different parameter, as for example the Implicit association of RE-level oflset
SI-RNTI. Like 1n the previous case, the association rule for ———and DMRS portindex Jor DMRS tvpe 1.
the broadcast case can be set to RB, 4, ~SI-RNTI mod . DMRS port 1000 1001 1002 1003 1004 1005 1006 1007
DPIRS step RE-leveloffset 0 2 1 3 4 6 5 7

For broadcast transmissions RB-level offset for PTRS 1s
associated with SI-RNTTI.

TABLE 6

Implicit association of RE-level offset and DMRS port index for DMRS type 2.

DMRS port 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011
RE-level offset 0 1 2 3 4 5 6 7 8 9 10 11
The mmplicit relation between RB-level ofiset for PTRS 2.1.6 RRC “RE-Level-Offset” Signalling
and RN'TI depends on the frequency density and 1s given by
the equation RB_4 ~C-RNTI mod nprzs o, Where In addition to the implicit association of RE-level oflset,
Nprrs swep— 1/ (Ireq_density). Y in RAN1 90bis it was agreed to support a RRC parameter

“PTRS-RE-offset” which explicitly indicates the RE-level

2.1.5 RE-Level Ofiset for PIRS offset and replaces the RE-level offset obtained with the
default association rule. The main motivation for introduc-
The RE-level offset indicates to which subcarrier within a o ing this parameter in the RRC signaling is to avoid to map
PRB the PIRS 1s mapped. In the last RAN1 meeting it was PTRS to the DC subcarrier. The agreements regarding this
discussed to associate the RE-level oflset to one of the parameter suggest that “PTRS-RE-offset” can take any value
following parameters: from 0 to 11. However, this has several drawbacks that are
Index of the DMRS port associated with the PTRS port considered next.
SCID «o  Firstly, if “PTRS-RE-offset” can be set to any value from
Cell ID 0 to 11, it implies a gNB scheduling restriction since the
Some companies claim that 1f the RE-level were associ- DMRS used for PDSCH or PUSCH transmission must use
ated with the DMRS port index the effect of PTRS to PTRS the subcarrier indicated by “PTRS-RE-offset” (because it
inter-cell interferences could cause several degradations 1n was agreed that PTRS is mapped to one of the subcarriers to

the performance. It was suggested to avoid this degradation 65 which its associated DMRS port is mapped). For example,
by randomization of the PTRS mapping between cells by if “PTRS-RE-oflset”=0, then if DMRS type 1 i1s configured
associating the RE-level offset to the SCID or Cell ID. the DMRS ports mapped to comb using subcarriers {1,3,5,
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7,9,11} cannot be used when scheduling UE. In Table 9 we
show the mentioned restriction for DMRS type 1.

TABLE 7
5
Bitmap encoding of “PTRS-RE-offset” with DM-RS type 1.
PTRS-
RE-oflset value  Subcarrier used for PI-RS Compatible DM-RS ports

0000 0 1000/1001/1004/1005

0001 1 1002/1003/1006/1007 10
0010 2 1000/1001/1004/1005

0011 3 1002/1003/1006/1007

0100 4 1000/1001/1004/1005

0101 5 1002/1003/1006/1007

0110 6 1000/1001/1004/1005

0111 7 1002/1003/1006/1007 15
1000 8 1000/1001/1004/1005

1001 9 1002/1003/1006/1007

1010 10 1000/1001/1004/1005

1011 11 1002/1003/1006/1007

20

Another problem 1s related with the signalling overhead.
If “PTRS-RE-oflset” can be set to any value from 0 to 11,
4 bits are required per “PTRS-RE-oilset” indication. More-
over, as PTRS ports for DL and UL can be associated with

dift

erent DMRS ports, independent indication of “PTRS- 75

RE-oflset” for UL and DL 1s needed, increasing the over-

head Similarly, imndependent indication of “PTRS-RE-ofl-
> per PITRS port mn SU-MIMO 1s required (further

'!'

increasing the overhead).

30

Thus, more ethicient signalling that avoids scheduling
restrictions and reduces the overhead 1s needed. We propose

a different approach where “PTRS-RE-offset” 1s used to

35

generate a relative index to one of the elements 1n the subset
of subcarriers used by the DMRS port associated with the

PTRS port. Hence, the relative index selects a

subcarrier

among the subcarriers used by the DMRS ports used for the
particular PDSCH or PUSCH scheduling (without introduc-
ing any scheduling restriction). The proposed solution 1is
summarized in Algorithm 2.

Algorithm 2

Encode PTRS-RE-offset using bitmap encoding with 2 bits, i.e. PTRS-RE-offset € {0, 1, 2, 3}
Denote the vector containing the subcarriers used by DMRS port x within a PRB as S, being DMRS

port X the one associated with the PTRS port.
Define N as the length of vector S..

Define the parameter FD_offset, = x mod 2, which 1s related with the FD-OCC used for DMRS port x.

Define the parameter TD_oflset,, which is related with the TD-OCC used for DMRS port x.

X — 1000

[f x 15 a DMRS port of the DMRS type 1, TD_offset, = { 1 ‘
_ X — 1000

It x1s a DMRS port of the DMRS type 2, TD_offset, = { - ‘

Define A = (PTRS-RE-offset + FD_oflset, + 2*TD_oflset,) mod N, which is a relative index to one

of the elements of S,.

Obtain the index of the subcarrier scheduled for PTRS within a PRB as S_(A)

40
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Based on the presented approach, we show 1n Table 8 and
Table 9 the encoding of “PTRS-RE-oflset” and the selected
PTRS subcarrier for the DMRS ports in DMRS type 1 and

2 (based on Algorithm 2). The proposed solution avoids

restrictions in the scheduling while reduces the required 5
overhead. Just 2 bits are required to encode “PTRS-RE-
oflset”. Moreover, common indication of “PTRS-RE-ofiset”
for DL and UL can be used because with the proposed

solution any value of “PTRS-RE-oflset” can be used with

42

precoder to transmit the DMRS port with lowest index 1n the
DMRS group and its associated PTRS port in the best
transmission port. Here we define the concept of Column
Permutation Indicator (CPI), which indicates which of the
columns of the selected precoder must be permutated 1n the
gNB. For example, if CPI=0 no permutation 1s done and 1f
CPI=2 the first and third columns of the precoder are
permutated. By including the CPI in the CSI-feedback we
are signalling information about the best transmission port.

RS o ke e e SUMING oyt mrs 10 "ROANT g i spporing o e o 11
] > SO _ o I 8, where the RI 1s part of the CSI-feedback with 3 bits
;aTanSe used, becal}se g Wl_lilpg??de dlgil;[eélts subcarriers for overhead. It 1s important that the number of possible CPI 1s
R péjﬂf"s;?; 1::‘[1;; Eﬂ ° " efze;{lé _ bptorts. q related with the rank and with the maximum number of ports
ncode -RE-offset” 1n using bitmap encod- -
ing ot 2 bits, where “PTRS-RE-offset” cang take tlfe values 15 Tr. CW that. can be I-ISEd lor each rank (as 1t e a'greed 0
(0.1.23) : s signal just information about the best transmission port
jU:sej Ai rithm 2 fo determine o which subearrier the associated with the CW with higher CQI). For example, for
PTRS 20! 1 based he val £ “PTRS.RE rank 5 a maximum of 3 ports can be associated with 1 CW,
. port 1s mapped based on the value o Il so 3 different CPI values can be selected. Theretore, 1 CPI
ollset. value 1s allowed for rank 1, 2 for rank 2, 3 for rank 3, 4 for
2V rank 4, 3 for rank 5 and 6, and 4 for rank 7 and 8. Then a
1ABLE 8 total of 1+2+3+4+3+3+4+4=24 states are needed to jointly
Proposed encoding of “PTRS-RE-offset” for DM-RS type 1. encode the RI and the CPI, so 5 bits are required for jointly
encoding RI and CPI (with full flexibility 1n the CPI selec-
PTRS-RE- Sub-carrier index for PT-RS tion). In previous contributions as [8], we proposed reduced
o N N ; N N . N N 2> flexibility CPI selection where for ranks higher than 4 only
’ RS;C 4 113(?00 113(?01 113502 113503 fgm 113505 f[?% fgm 2 out of 4 CPI values can be selected. For this case we need
a total of 1+2+3+2%35=16 states, 1.¢. 4 bits required to jointly
U0 0 - ! 3 4 6 > / encode RI and CPI.
?(1) i 2 2 ?, g 12 ; 1? An 1mportant aspect to consider 1s that RAN1 agreed to
11 5 2 7 9 10 0 11 1 Y have the possibility to limit the ranks that can be used and
signalled 1n the CSI-feedback by means of the rank restric-
tion indicator. Therefore, when rank restriction 1s used some
TABLE 9
Proposed encoding of “PTRS-RE-offset” for DM-RS type 2.
PTRS-RE- Sub-carrier index for PT-RS
offset by port port port port port port port port port port port port
RRC 1000 1001 1002 1003 1004 1005 1006 1007 1008 1009 1010 1011
00 0 1 2 3 4 5 6 7 8 9 10 11
01 1 6 3 8 5 10 7 0 9 2 11 4
10 6 7 8 9 10 11 0 1 2 3 4 5
11 7 0 9 2 11 4 1 6 3 8 S 10

2.1.7 PIRS Port Signalling for DL 1n UCI

It was agreed in the last RAN1 meeting that UE should

report information about the preferred DL transmission layer
within the CW with higher CQI i UCI. With this informa-
tion, gNB can perform permutation of the columns of the

50

of the 16 states proposed 1n the previous solution are not
used due to the restriction and can be used to increase the
flexibility of the CPI selection. Next in Algorithm 3 we
propose the steps to efliciently encode and reduce DCI
payload for signalling the RI and CPI considering the rank
restriction.

Algorithm 3:

® Generate all the 24 possible combinations of RI and CPI in increasing order.
® Remove all the combinations that cannot be used because of the rank restriction.
® Assign one of the following priorities to each of the RI and CPI combinations left.

O Priority 1: combinations with RI = 3

O Priority 2: combinations with RI>3 and CPI=0 or CPI=2

O Priority 3: combinations with RI>3 and CPI=1 or CPI=3
® Encode each combination of RI and CPI using 4 bits, starting by the combinations with Priority 1, and then

the combinations with priority 2 (starting with the combinations with lowest RI). 16 states are required at
most for encode combinations with Priority 1 and 2, so using 4 bits we can always encode the combinations
with these Priorities.
If there are free states left from the total of 16 states, assign the free states to the combinations with Priority 3
(starting with the combinations with lowest RI) until all the 16 states are used



US 10,305,052 B2

43

In Table 12, illustrated in FIG. 174-17b, we show an
example of the previous encoding when no rank restriction
1s used (a) and when rank restriction 1s used (b). We can see
how the previously proposed encoding for the case without
rank restriction 1s the same as the one proposed in [8]. Also,
we can see that when rank restriction 1s used we can increase
the flexibility on the selection of the CPI for ranks>3, while
still using 4 bits overhead. Therefore, the proposed joint
encoding offers high flexibility on the CPI selection while
reducing the CSI-feedback overhead 1n 1 bit. It 1s important
to mention that as we use joint encoding of RI and CPI, CPI
information will be signalled even when no PTRS transmis-
sions are present. That 1s because static UCI payload 1s
preferred.

Use Algorithm 3 to jointly encode RI and the CPI with 4
bits.

2.1.8 Power Boosting of PTRS

PTRS power boosting 1s beneficial as it increases the
accuracy of the estimation. However, the power boosting
principles of PTRS are different from the ones used 1n other
reference signals as DMRS. In DMRS, we power boost
certain RE for one DMRS port using the non-used power of
the blanked RE 1n that port (1.e. the power transier i1s
between RE 1n the same port, and power transier between
ports 1s not allowed). However, for PTRS we have two
different power boosting types. Power boosting type 1,
which follows the same principle used by DMRS power
boosting, 1.e. the power transier 1s between RE 1n the same
port. Power boosting type 2 where the power transier 1s
between different ports for the same RE.

Which power boosting type should be used 1s related with
the transmuitter architecture. For analog beamiorming trans-
mitters power boosting type 1 should be used, as each port
1s directly mapped to a power amplifier (so power transier
between ports can’t be done). For digital and hybrid beam-
forming, both type 1 and type 2 can be used. With type 1 the
power scaling for the PTRS ports 1s related with the number
of PTRS ports 1n the SU-MIMO transmission (maximum 2
PTRS ports) while with type 2 the power scaling for PTRS
ports 1s related with the number of PDSCH/PUSCH layers
in the DMRS group in SU-MIMO (maximum 8 PDSCH
layers and 4 PUSCH layers [6]). Therefore, for digital and
hybrid beamforming transmitters power boosting type 2
offers better power utilization, so it 1s preferred. In FIG.
15a-d we show examples of power boosting for digital and
analog beamforming with 1 and 2 PTRS ports 1n a SU-
MIMO transmission with 3 DMRS ports and 3 PDSCH
layers. In particular, FIG. 15a shows analog beamiorming
with power boosting type 1, FIG. 155 shows Digital beam-
forming with power boosting type 2, FIG. 15¢ shows Analog
beamforming with power boosting type 1, and FIG. 15d
shows Digital beamforming with power boosting type 2.

Support power boosting type 1, which uses power trans-
ters between RE 1n the same port. It should be used for
transmitters with analog beamforming.

Support power boosting type 2, which uses power trans-

fers between ports for the same RE. It should be used for
transmitters with digital and hybrid beamforming.

Power boosting type 2 should be used as default for DL
and UL.

Support RRC  signalling  parameters  “PTRS_
boosting_type™” and “PTRS_boosting_type“*” to indicate
the power boosting type used for DL and UL independently.

2.1.8.1 DL Power Boosting

For DL, the PDSCH to PTRS EPRE ratio 1s used as metric
to indicate the power boosting level (where the EPRE refers
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to the power of all the ports in the transmission in one RE,
it 1s not EPRE per port). The EPRE 1s implicitly derlved
from diflerent parameters for power boosting types 1 and 2.

For power boosting type 1, power transiers between ports
are not allowed. Theretore, 1n this case the PDSCH to PTRS
EPRE ratio 1s related with the number of PTRS ports 1n the
transmission (NPTRS) and the number of PDSCH layers

(NPDSCH) in the DMRS group. The EPRE level 1s com-
puted as:

EPREppsce so_prrs—10%108,0(Nppscr)-10%log,
(Nprrs)[dB]

For power boosting type 2, power transiers between ports
are allowed. Therefore, for this type of power boosting

EPRE»pscrr 0 prrs™0 dB for any NPTRS and NPDSCH.
For power boosting type 1, PDSCH to PTRS EPRE ratio

1s 1mplicitly calculated as EPRJPDSCH . PTRS—HO*logm

(N, »ecr)-10¥l0g, (N .. ) [dB], where NPTRS is the num-

ber of PTRS ports 1n the transmission and N,z 15 the
number of PDSCH layers 1in the DMRS group.

For power boosting type 2 the EPRE ratio of PDSCH to
PTRS 1s always 0 dB for any number of PTRS ports in the
transmission and PDSCH layers in the DMRS group.

It was also agreed in the last RAN1 meeting to support
RRC signalling of the PDSCH to PTRS EPRE. However,
this indication offers some problems that are discussed next.
For power boosting type 1, the EPRE ratio 1s implicitly
derived from NPTRS and NPDSCH (parameters derived
from the DCI that can change dynamically). So, the EPRE
level mdicated by RRC can be outdated with respect to the
values of N, ». and N, 1n DCI (producing incorrect
power scaling). For power boosting type 2, the EPRE ratio
1s equal to 0 dB for all the cases, so a RRC indication of a
different EPRE level would lead to an incorrect power
scaling. Therefore, we think that the EPRE indication by
RRC must be precluded to avoid the pointed problems.

Do not include explicit EPRE indication in the RRC
signalling, instead use RRC to configure the boosting type.

2.1.8.2 UL Power Boosting

For UL, the power of the PTRS port 1s used as metric to
indicate the power boosting level.

For power boosting type 1, the power of the PTRS port 1s
related with the power of a PUSCH RE in one layer

(PPUSCH) and the number of PTRS ports (NPTRS). The
PTRS power 1s given by

Pprrs=10*log, o(Nprrs)+Ppusce

For power boosting type 2, the power of the PIRS port 1s
related with the number of PUSCH layers in the DMRS
group (NPUSCH) and the power of a PUSCH RE 1n one

layer (PPUSCH). Hence, the power of the PTRS port 1s
given by

Pprrs=10*log 10(Npysca)+Ppusca

If power boosting type 1 1s used 1mn UL the power of the
PTRS port 1s implicitly given by Py =10*log, (N o7p )+
P.rrecr, Wwhere NPTRS 1s the number of PTRS ports and
PPUSCH 1s the power of a PUSCH RE in one layer.

If power boosting type 2 1s used 1mn UL the power of the
PTRS port 1s implicitly given by P, . =10*log, (N, rczr)+
P.;recz, Where No, o~z 1s the number of PUSCH layers 1n
the DMRS group and P, -, 1s the power of a PUSCH RE

in one layer.

2.1.9 Mapping in Time Domain

It was previously agreed how to map PTRS within a slot,
but there are still no agreements related with the collision of
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PTRS and SSB 1n a slot. Two different options can be used
in this case, either the PTRS RFE that collides with the SSB
1s punctured or it 1s shifted to the first OFDM symbol after
the SSB. In some cases, puncturing could lead to cases in
which extrapolation of the phase estimation does not offer
good accuracy because of big distance between the last
PTRS symbol and the PDSCH symbol. For example, 1n
FIGS. 16a-166 we show an example of PTRS collision with
SSB with PTRS time density %4, 1.e., with low PTRS time
density (1 PTRS every fourth OFDM symbol). There, we
can see that when puncturing there are 7 symbols between
the last PDSCH symbol and the last PTRS RE 1n the slot,
while with shifting this distance 1s reduced to 1 symbol
(improving the phase estimation). Therefore, we prefer
PTRS shifting when PTRS collides with SSB.

When PTRS collides with SSB, PTRS should be shifted
to the first OFDM symbol after the SSB and restart the

mapping algorithm.

2.1.10 PTRS Design for Mini-Slot

The same PTRS configuration should be used for slot
based and non-slot based transmissions.

The PTRS configuration by RRC applies for both slot
based and non-slot based scheduling for Rel.15.

2.2 PTRS Design for DFT-S-OFDM
2.2.1 Association Table

RANI agreed that the configuration of chunk-based PTRS
must be associated with the scheduled BW. The following,
1ssues regarding the association table are still open:

If the configuration 1s also associated with the scheduled

MCS.

If chunk size K=1 1s supported.

If configuration with K=4 and X>4 1s supported.

The default values for the thresholds 1n the table.

In [9] we show that the configuration of PTRS 1 DFT
domain 1s independent of the scheduled MCS, so the asso-
ciation table should only be dependent on the scheduled BW.
Also, mn [9] we show that configuration with K=1 does not

provide any performance gain for large scheduled BWs, so
it should not be supported. Thus, the overhead to signal the
thresholds 1n the association table 1s reduced (as 1 threshold
less 1s used). Moreover, we show 1n [9] that in some cases
a configuration with X=8 and K=4 oflers performance gains
(specially for large BWs and UEs with low quality oscilla-
tors), so Y=8 needs to be supported. Theretore, Table 10
must be used for selecting the configuration of PTRS in the
DFT domain.

Preclude configuration with K=1.

Support Y=8 for large scheduled BW.

PTRS configuration 1n the DFT domain 1s not associated

with the scheduled MCS.

TABLE 10

Association table between scheduled BW and chunk-based conficuration.

Scheduled BW X x K
Nzz = Nzzo No PT-RS
Nrzo < Npp = Npz| 2x 2
Nrzi < Ngp = Nzz> 2x4
Nrz> < Npp = Naps 4 x 2
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TABLE 10-continued

Association table between scheduled BW and chunk-based configuration.

Scheduled BW X x K
Nzzz < Npp = Npga 4 x 4
Nrzs < Npp 8 x 4

As previously stated, an important open issue is the
default value for the thresholds in the association table. In
[9] we present evaluations results that show that the best
selection for the default thresholds 1n Table 10 are N, 5,=0,
Nz =8, Npp=N,-,=32, and N,z,=108. One important
aspect of the proposed default thresholds 1s that they offer a
configuration with PTRS always ON for DFT-S-OFDM,
allowing frequency oflset estimation.

Adopt N,=0, N5, =8, Ny»,=N,»:=32, and N ,,=108
as default values for the thresholds in the association table
between scheduled BW and chunk-based configuration.

2.2.2 RRC Signalling of Thresholds

As 1n the CP-OFDM case, UE can suggest new thresholds
by RRC signalling to override the default values 1n asso-
ciation Table 10. The same principles presented in Section
2.1.3 for signalling the thresholds of the association table for
the frequency density of PTRS for CP-OFDM can be
applied for the signalling of the thresholds of the association
table for the DFT configuration. In Table 11 we show the
required overhead to signal the 5 thresholds of the associa-
tion table using full and reduced flexibility selection, and
bitmap and the eflicient encoding. In this case, the benefits
of the reduced tlexibility selection and the proposed eflicient
encoding are even larger than 1n the case of the thresholds
for the PIRS frequency density table (as the number of
thresholds to encode 1s larger).

Restrict the values of N, to the set of elements which
are multiple of the RBG size, 1.e., [0, RBG, 2*RBG, 3*RBG

Y*RBG, 276] with

= g

and X the maximum scheduled BW 1n NR.
Use the encoding scheme described in Algorithm 1 to
ciliciently encode the thresholds of the PTRS chunk-based

configuration association table

TABLE 11
Overhead comparison for 2 types of selection and 2 types of
encoding for 5 thresholds signalling.
Bit map Encoding in Algorithm 1
Full flexibility 45 bits 34 bits (24.4% overhead reduction)
Reduced flexibility with 35 bits 24 bits (28.5% overhead reduction)
PRG =4

2.2.3 Placement of Chunks for K=2

In the last RAN1 meeting it was agreed to place the
chunks from sample n to sample n+K—-1 within the interval
dedicated for each chunk for the case with K=2. In [10] we
showed evaluation results with different chunk placements
for K=2 and X=2 that showed very little performance
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differences for different chunk placements. Therefore, to
have a harmonized design between the case K=4 and K=2
case, we think that the best option for K=2 1s to place the

chunks 1n the centre of the intervals.

For K=2, the PTRS chunks are mapped in the middle of >

each interval, 1.e.,

=[3]-[3]

where N 1s number of samples 1n the interval.

The following additional proposals are:

Proposal 1 Add support for frequency density of 1 PTRS
subcarrier in every PRB 1n the density tables that can be

configured by RRC for UL and DL, respectively.
Proposal 2 The MCS thresholds 1n the PTRS time density

table have the granularity of modulation constellation size
only, excluding the code rate.

Proposal 3  Support
ptrsthRB,”*=276
ptrsthMS, ““=ptrsthM S, ““=ptrsthMS =0
thresholds for DL.

Proposal 4
ptrsthRB, “*=276
ptrsthMS, ““=ptrsthMS, ““=ptrsthMS,UI
thresholds for UL

Proposal 5 ngher layer configuration indicate the pOs-
sible presence of PIRS for DL and UL independently, 1.e.
UL-PTRS-present and DL-PTRS-present are the RRC
parameters.

Proposal 6 Restrict the values of the thresholds ptrsthRB_
to the set of elements which are multiple of the RBG size,
1.e., [0, RBG, 2*RBG, 3*RBG . . ., Y*RBG, 276] with
Y=XRBG and X 1s the maximum scheduled BW in NR.

Proposal 7 Use the encoding scheme described 1n Algo-
rithm 1 to encode the set of thresholds of the frequency

density association table.

Proposal 8 Restrict the values of ptrsthMCS__to [0,1,2,3.4,
Inft].

Proposal 9 Use the encoding scheme described in Algo-
rithm 1 to encode the set of thresholds of the time density
association table.

Proposal 10 For broadcast transmissions RB-level oflset
for PTRS 1s associated with SI-RNTT.

Proposal 11 The implicit relation between RB-level oflset
for PIRS and RNTI depends on the frequency density and
1s given by the equation RB ., ~C-RNTI mod nprzs o0,
where nprzg 0,1/ (freq_densﬂy)

Proposal 12 Support implicit association of the RE-level
oflset with the index of the DMRS port that 1s associated
with the PTRS port.

Proposal 13 Adopt Table 7 and Table 8 for deriving the
RE-level offset for one PTRS port based 1n its associated
DMRS port index (for DMRS type 1 and 2).

Proposal 14 Encode “PTRS-RE-offset” in RRC using
bitmap encoding of 2 bits, where “PTRS-RE-oilset” can take
the values {0,1,2,3}.

Proposal 15 Use Algorithm 2 to determine to which
subcarrier the PTRS port 1s mapped based on the value of
“PTRS-RE-oflset.

Proposal 16 Use Algorithm 3 to jointly encode RI and the
CPI with 4 baits.

Proposal 17 Support power boosting type 1, which uses
power transiers between RE 1n the same port. It should be

used for transmitters with analog beamforming.

ptrsthRB,“=ptrsthRB,”*=0,
and

as  default
Support  ptrsthRB,““=ptrsthRB, ““=0,
and
default

=0 as
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Proposal 18 Support power boosting type 2, which uses
power transiers between ports for the same RE. It should be

used for transmitters with digital and hybrid beamforming.

Proposal 19 Power boosting type 2 should be used as
default for DL and UL

Proposal 20 Support RRC signalling parameters
“PTRS_boosting_type””” and “PTRS_boosting_type“*” to
indicate the power boosting type used for DL and UL
independently.

Proposal 21 For power boosting type 1, PDSCH to PTRS
EPRE ratio 1s implicitly calculated as EPRE, oz 20 2

rrs=+102, (N ppsery) 10%10g, (N prgs) [AB], where Nz 18
the number of PTRS ports 1n the transmission and N, ,q 7

1s the number of PDSCH layers in the DMRS group.

Proposal 22 For power boosting type 2 the EPRE ratio of
PDSCH to PTRS 1s always 0 dB for any number of PTRS
ports 1n the transmission and PDSCH layers in the DMRS
group.

Proposal 23 Do not include explicit EPRE indication 1n
the RRC signalling, instead use RRC to configure the
boosting type.

Proposal 24 It power boosting type 1 1s used 1 UL the
power of the PTRS port 1s wmplicitly given by
Pprrs=10%10g, (N prrs)+P poiscrr Where Npyp o 1s the num-
ber of PTRS ports and P, -+, 15 the power of a PUSCH RE
in one layer.

Proposal 25 If power boosting type 2 1s used in UL the
power ol the PTRS port 1s implicitly given by
Pprrs=10%10g, o(Nppsce)+P puscr, Where Nppgep 15 the
number of PUSCH layers 1in the DMRS group and P,; o
1s the power of a PUSCH RE 1n one layer.

Proposal 26 When PTRS collides with SSB, PTRS should
be shifted to the first OFDM symbol after the SSB and
restart the mapping algorithm.

Proposal 27 The PTRS configuration by RRC applies for
both slot based and non-slot based scheduling for Rel.13.

Proposal 28 Preclude configuration with K=1.

Proposal 29 Support Y=8 for large scheduled BW.

Proposal 30 PTRS configuration in the DFT domain 1s not
associated with the scheduled MCS.

Proposal 31 Adopt N, =0, N,-,=8, N, -, =N,-,=32, and
N, -,=108 as default values for the thresholds 1n the asso-
ciation table between scheduled BW and chunk-based con-
figuration.

Proposal 32 Restrict the values of N,. to the set of
clements which are multiple of the RBG size, 1.e., [0, RBG,
2*RBG, 3*RBG, Y*RBG, 276] with Y=XRBG and X the
maximum scheduled BW in NR.

Proposal 33 Use the encoding scheme described 1n Algo-
rithm 1 to efliciently encode the thresholds of the PTRS
chunk-based configuration association table

Proposal 34 For K=2, the PTRS chunks are mapped in the
middle of each interval, 1.e., n=N2-K2 where N 1s number
of samples in the interval.
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What 1s claimed 1s:

1. A radio access node comprising:

at least one processor and a memory, said memory com-

prising 1nstructions executable by said at least one
processor, whereby the radio access node 1s configured
to transmit, to a user equipment, a configuration mes-
sage for a phase tracking reference signal, PI-RS, on a
radio channel between the radio access node and the
user equipment, wherein the radio channel comprises a
plurality of subcarriers 1n a physical resource block,
PRB, wherein a subset of the subcarriers 1in the PRB 1s
allocated for transmission or reception of a demodula-
tion reference signal, DM-RS, through a DM-RS port,
wherein the configuration message comprises a bit
field, wherein the bit field comprises n bits that are
indicative of at least one subcarrier allocated for trans-
mission or reception of the PT-RS through the DM-RS
port among the subset of subcarriers allocated for
transmission or reception of a DM-RS through the
DM-RS port, and wherein a number of the plurality of
subcarriers 1n the PRB 1s greater than 2”.

2. The radio access node of claim 1, wherein the DM-RS
port 1s one of one or more DM-RS ports through which the
radio channel 1s accessed, each transmission of the DM-RS
being associated with one of the one or more DM-RS ports.

3. The radio access node of claim 1, wherein the radio
access node 1s configured to access the radio channel
through the DM-RS port for a downlink transmission to the
user equipment, wherein the radio access node 1s further
configured to transmit the PT-RS through the DM-RS port
on the at least one subcarner that 1s allocated for transmis-
sion or reception of the PT-RS through the DM-RS port
according to the bit field.

4. The radio access node of claim 2, wherein the one or
more DM-RS ports through which the radio channel 1s
accessed comprises multiple DM-RS ports, wherein respec-
tive subsets of subcarriers in the PRB are allocated for
transmission or reception of a DM-RS through respective
ones of the multiple DM-RS ports, and wherein the subset
of subcarriers allocated for transmission or reception of a
DM-RS through at least one of the DM-RS ports 1s different
from the subset of subcarriers allocated for transmission or
reception of a DM-RS through at least one other one of the

DM-RS ports.
5. The radio access node of claim 4, wherein the PRB
comprises 12 subcarriers given by an index k&40, .. ., 11},

and wherein the subset of subcarriers allocated to the
DM-RS being transmitted through a DM-RS port p 1s given

by

{2-R—m+Sk+A(p)E{0, . . . 11}K'E{0,1},0em<6/
R},

wherein R=1, 2 or 3; S=1 or 2; and an oflset A(p) depends
on the DM-RS port p,
wherein R and S each depend on a configuration type
of the DM-RS.
6. The radio access node of claim 4, wherein a diflerent

DM-RS 1s transmitted through each of the multiple DM-RS
ports.

7. The radio access node of claim 6, wherein the DM-RSs
transmitted through different DM-RS ports are differentiated
by at least one of an orthogonal cover code, OCC, in the
frequency domain, FD-OCC, an orthogonal cover code 1n
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the time domain, TD-OCC, and the subset of subcarriers
allocated for transmission or reception of the DM-RS.

8. The radio access node of claim 1, wherein the at least
one subcarrier allocated for transmission or reception of the
PT-RS through the DM-RS port 1s uniquely determined

among the subset of subcarriers allocated for transmission or
reception of the DM-RS through the DM-RS port based on

a combination of the bit field 1n the configuration message
and the DM-RS port of one or more DM-RS ports through
which the PT-RS 1s transmitted or received.

9. The radio access node of claim 2, wherein the DM-RS
transmitted through a DM-RS port p 1s subjected to an
orthogonal cover code, OCC, 1n the time-domain, TD-OCC,
and 1s subjected to an OCC i the frequency domain,
FD-OCC, and wherein at least one subcarrier allocated for
transmission or reception of the PT-RS through the DM-RS
port p 1s determined among a subset of subcarriers allocated
to the DM-RS through the DM-RS port p based on a
combination of the bit field, a DM-RS port dependency of
the TD-OCC and a DM-RS port dependency of the FD-
OCC.

10. The radio access node of claim 1, wherein the con-
figuration message 1s a Radio Resource Control (RRC)
message.

11. The radio access node of claim 1, wherein the number
of the plurality of subcarriers in the PRB 1s 12, wherein a
number of the subcarriers 1 the subset of subcarriers
allocated for transmission or reception of a DM-RS through
the DM-RS port 1s 6, and wherein the bat field comprises n=2
bits.

12. The radio access node of claim 1, further configured
to transmit or recerve the PT-RS through the DM-RS port on
the at least one subcarrier according to the bit field.

13. The radio access node of claim 2, wherein n 1s less
than a number of the one or more DM-RS ports.

14. A user equipment comprising;:

at least one processor and a memory, said memory com-

prising instructions executable by said at least one
processor, whereby the user equipment 1s configured to
receive, Irom a radio access node, a configuration
message for a phase tracking reference signal, PT-RS,
on a radio channel between the radio access node and
the user equipment, wherein the radio channel com-
prises a plurality of subcarriers in a physical resource
block, PRB, wherein a subset of the subcarriers in the
PRB 1s allocated for transmission or reception of a
demodulation reference signal, DM-RS, through a DM -
RS port, wherein the configuration message comprises
a bit field, wherein the bit field comprises n bits that are
indicative of at least one subcarrier allocated for trans-
mission or reception of the P1-RS through the DM-RS
port among the subset of subcarriers allocated for
transmission or reception of the DM-RS through the
DM-RS port, and wherein a number of the plurality of
subcarriers 1 the PRB 1s greater than 2",

15. The user equipment of claim 14, wherein the radio
channel 1s accessed through one or more DM-RS ports, a
DM-RS being transmitted or received through each DM-RS
port.

16. The user equipment of claim 14, wherein the radio
access node 1s configured to access the radio channel
through the DM-RS port for a downlink transmission to the
user equipment, and wherein the user equipment 1s further
configured to receive the PT-RS transmitted through the
DM-RS port on the at least one subcarrier that i1s allocated
for transmission or reception of the PT-RS through the

DM-RS port according to the bit field.
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17. The user equipment of claim 15, wherein the one or
more DM-RS ports through which the radio channel 1s
accessed comprises multiple DM-RS ports, wherein respec-
tive subsets of subcarriers 1n the PRB are allocated for
transmission or reception of a DM-RS through respective 5
ones of the multiple DM-RS ports, and wherein the subset
of subcarriers allocated for transmission or reception of a
DM-RS through at least one of the DM-RS ports 1s different
from the subset of subcarriers allocated for transmission or
reception of a DM-RS through at least one other one of the 10

DM-RS ports.
18. The user equipment of claim 17, wherein the PRB
comprises 12 subcarriers given by an index k&40, . . ., 11},

and wheremn the subset of subcarriers allocated to the
DM-RS being transmitted or received through a DM-RS 15
port p 1S given by

{2 R—m+Sk+A(p)E{0, . .. 11}K'E{0,1},0em<6/
R},

wherein R=1, 2 or 3; S=1 or 2; and an offset A(p) depends
on the DM-RS port p,
wherein R and S each depend on a configuration type
of the DM-RS.

19. The user equipment of claim 17, wherein a different
DM-RS 1s transmitted or received through each of the
multiple DM-RS ports.

20. The user equipment of claim 19, wherein the DM-RSs
transmitted through different DM-RS ports are differentiated
by at least one of an orthogonal cover code, OCC, in the
frequency domain, FD-OCC, an orthogonal cover code 1n
the time domain, TD-OCC, and the subset of subcarriers
allocated for transmission or reception of the DM-RS.

21. The user equipment of claim 14, wherein the at least
one subcarrier allocated for transmission or reception of the
PT-RS through the DM-RS port 1s uniquely determined
among the subset of subcarriers allocated for transmission or
reception of the DM-RS through the DM-RS port based on
a combination of the bit field 1n the configuration message
and the DM-RS port of one or more DM-RS ports through
which the PT-RS 1s transmitted or received.

22. The user equipment of claim 15, wherein the DM-RS
transmitted through a DM-RS port p 1s subjected to an
orthogonal cover code, OCC, 1n the time-domain, TD-OCC,
and 1s subjected to an OCC in the frequency domain,
FD-OCC, and wherein at least one subcarrier allocated for
transmission or reception of the PT-RS through the DM-RS
port p 1s determined among a subset of subcarriers allocated
to the DM-RS through the DM-RS port p based on a
combination of the bit field, a DM-RS port dependency of
the TD-OCC and a DM-RS port dependency of the FD-
OCC.

23. The user equipment of claim 16, wherein each DM-RS
port 1s mapped to a plurality of antenna ports according to
a precoder.

24. The user equipment of claim 14, wherein the configu-
ration message 1s a Radio Resource Control (RRC) message.
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25. The user equipment of claim 14, wherein the number
of the plurality of subcarriers in the PRB 1s 12, wherein a

number of the subcarriers 1 the subset of subcarriers
allocated for 11 of 17 transmission or reception of a DM-RS
through the DM-RS port 1s 6, and wherein the bit field
comprises n=2 bits.

26. The user equipment of claim 14, turther configured to
transmit or receive the PT-RS through the DM-RS port on
the at least one subcarrier according to the bit field.

277. The user equipment of claim 14, wherein the DM-RS
port 1s one of multiple DM-RS ports, wherein, for each of
the multiple DM-RS ports, the n bits of the bit field are
indicative of at least one subcarrier allocated for transmis-
sion or reception of a PI-RS through that DM-RS port
among a subset of subcarriers allocated for transmission or
reception of a DM-RS through that DM-RS port.

28. The user equipment of claim 15, wherein n 1s less than
a number of the one or more DM-RS ports.

29. A method performed by a radio access node, the
method comprising:

transmitting, to a user equipment, a configuration message

for a phase tracking reference signal, PI-RS, on a radio
channel between the radio access node and the user
equipment, wherein the radio channel comprises a
plurality of subcarriers 1n a physical resource block,
PRB, wherein a subset of the subcarriers in the PRB 1s
allocated for transmission or reception of a demodula-
tion reference signal, DM-RS, through a DM-RS port,
wherein the configuration message comprises a bit
field, wherein the bit field comprises n bits that are
indicative of at least one subcarrier allocated for trans-
mission or reception of the P1-RS through the DM-RS
port among the subset of subcarriers allocated for
transmission or reception of a DM-RS through the
DM-RS port, and wherein a number of the plurality of
subcarriers 1 the PRB 1s greater than 2",

30. A method performed by a user equipment, the method
comprising:

receiving, ifrom a radio access node, a configuration

message for a phase tracking reference signal, PT-RS,
on a radio channel between the radio access node and
the user equipment, wherein the radio channel com-
prises a plurality of subcarriers in a physical resource
block, PRB, wherein a subset of the subcarriers in the
PRB 1s allocated for transmission or reception of a
demodulation reference signal, DM-RS, through a DM -
RS port, wherein the configuration message comprises
a bit field, wherein the bit field comprises n bits that are
indicative of at least one subcarrier allocated for trans-
mission or reception of the PT-RS through the DM-RS
port among the subset of subcarriers allocated for
transmission or reception of the DM-RS through the
DM-RS port, and wherein a number of the plurality of
subcarriers 1n the PRB 1s greater than 2”.
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Column 20, Line 39, delete “I”” and insert -- / --, therefor.

Column 20, Line 40, delete “I” and insert -- / --, therefor.

Column 21, Line 56, delete “4=1" and insert -- A=1 --, therefor.
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Column 31, Line 43, delete “Rel-15" and insert -- Rel-15. --, therefor.
Column 31, Line 47, delete “UCI” and 1nsert -- UCI. --, therefor.

Column 31, Line 50, delete “port” and isert -- port. --, therefor.

Column 31, Line 60, delete “RAN1#91)” and insert -- RAN1#91). --, therefor.

Column 31, Line 64, delete “tone” and insert -- tone. --, theretor.

Column 31, Line 67, delete “configured” and insert -- configured. --, therefor.
Column 32, Line 2, delete “configured” and 1nsert -- configured. --, therefor.
Column 32, Line 3, delete “UE” and insert -- UE. --, therefor.

Column 32, Line 7, delete “‘case” and insert -- case. --, therefor.

Column 32, Line 10, delete “ratios” and insert -- ratios. --, therefor.

Column 32, Line 20, delete “intervals” and nsert -- intervals. --, therefor.
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Columns 39-40, Line 53, delete “Sx(A)” and insert -- Sx(A). --, therefor.
Columns 41-42, Line 65, delete ““used” and insert -- used. --, therefor.
Column 43, Line 1, delete “FIG.” and insert -- FIGS. --, therefor.
Column 43, Line 44, delete “FIG.” and nsert -- FIGS. --, therefor.
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Column 46, Lines 38-39, delete “3*RBG Y*RBG,” and 1nsert -- 3*RBG..., Y*RBG, --, therefor
Column 47, Line 29, delete “indicate” and insert -- indicates --, therefor.

Column 47, Line 62, delete “““PTRS-RE-oftset.” and insert -- “PTRS-RE-oftset”. --, therefor.

Column 48, Line 12, delete “+logio(Nppscn) 10*logio(Nprrs) [dB],” and 1nsert
-- +logio(Nrpscn)-10*logio(Np1rs) [dB], --, therefor.

Column 48, Line 47, delete “3*RBG@G.,” and insert -- 3*RBQG..., --, therefor.
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Column 51, Line 17, Claim 18, delete “{2:-R-m+” and msert -- {2:-R-m+ --, therefor.

Column 51, Line 51, Claim 23, delete “claim 16.” and insert -- claim 17, --, therefor.
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